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' SUMMARY

A number of different méthods have been developed and evaluated for
creating a Food Cost Index (FCI). The FCl is used to determine the monetary
value of the basic daity food allowance (BDFA) for feeding enlisted
personnel under the subsisternce-in-kind program. Pending passage of ‘a
Uniform Ration Law (URL), it is recommended that a food subgroup type FCI be
formulated consistent with the provisions of the existing Navy Ration Law
(NRL) and with actual military food utilization pafferns ‘After the adoption
of a new URL, an improved FCl should be formulated using a east squares
Technlque applied to the latest milifary food utilization data. A reference
'menu approach for determining the BDFA should alsc be further developed and
evaluated. This approach would use DoD food preference data (rather fthan
food utilization data) to develop a high preference cyclic menu subject to
cost constralnts and nutritional requirements. ' The recapitulation of this
menu would then be costed (average dally costs) periodically to determine
new values of the BDFAas food component prices varied over time. This
approach should offer the unique advantages of using math programming and
computer capabilities o provide both a reference menu ard the associated
BDFA that derive from optimization of preference, cos+ and nu+r|+|onal
con5|deraT1ons _
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PREFACE

During fiscal year 1974, the Operations Research/Systems Analysis
Office (OR/SA) conducted a systems analysis study to deveiop a new Uniform
Ration Cost System under Task Ol of Project No. 1T762713AJ45, identification
of Existing Feading Systems, System Components and Alternatives, of the DoD
Food Research, Deveiopment, Testing, and Engineering Program. The objectives
of this total effort were to develop a new uniform ration cost system which
would be directly related to known consumer preferences and nutritional
requlrements, and more responsive to innovatlions and new technology in food
and food service systems. As a result of this effort a "Cost/Date Standard"
ration cost system has been recommended. The detaiis of this new system can
be Jound in U.S. Army Natick Laboratories TR 75-69-OR/SA "Uniform Ration
Cost System-Summary Report." An important element of the new ration cost
system is the mettod for developing a food cost index (FCI) which can be
used to compute the baslic daliy food ailowance. The derivation and
evatuation of methods for this purpose Is the subject of this report.

Very few projects of this scope can be successfully completed without
the cooperation and assistance of many Individuals. Specifically, the
guidance, support, and many heipful suggestions provided by Mr. Richard P.
Richardson, Manager of the Uniform Ration Cost System Program, are gratefuliy
acknowledged. in addition, the efforts of Mr. Ronaid Deacon in carrying out
the necessary mathematical calculatlons in the interim before computer
programs were developed, as well as in completing all mathematical caiculations
for Navy Ration Law based Food Cost Indexes, deserves very special credit.
The programming efforts of Mr. Peter Walsh and Mr. Joseph Fitzpatrick of
*he Boston Reglional Office of General Services Administration are also
grateful ly acknowledged. Finally, an exprassion of appreciation is extended
to Miss Mary Dwyer of the Navy Food Service Systems Office; her gulidance on
the interpretation of the Navy Ration Law as reiated to the Food Cost index
brought manv issues into clearer focus.
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SECTION 1.
INTRODUCT ION

The existing DoD Food Cost index is a |list of 48 food items and the
quantities of each required to feed 100 persois daiily. |In order to calculate
the monetary value of the Basic Daily Food Allowance (BDFA), these food
quantities are multiplied by the unit price of each item as determined from
the current Defense Personnel Supp!y Center (DPSC) price Iist and summed.

To this is added an allowance for condiments which are not specificaily R
listed and the result divided by 100 to provide the value of the BDFA,

which applies for one person for uvne day. To compensate for unusual condi-

tions that might make food procurement more costly (e.g., smali dining |
facilities), the systam allows this vaiue to be increased by a supplemental
amouni in the form of a percentage increase. |In addition, a special allowance
is granted for such special operational conditions as submarine or field
(combat, maneuvers) feeding. At the beginning of each service's accounting
period, a raw BDFA is calculated as described above using the latest DPSC
price list forr all items except cereal, bread, and milk for which local prices
are used. This permits the system to adjust to changing food prices with a
minimum of effort in what is essentialiy an uncon.rrained manner.

Prior to 1967, each service utilized its own individual "Food Cost index"
(FC1) for calculating the monetary value of the daily ration. The Army and
the Air Force used the 39 component garrison ration listed in Executive Order
5952 of 23 November 1932 as a ceiling on their ration allotment. The Navy
used a weighted 250 food item |ist for caiculating its daily food al lowance.
The U.S. Marine Corps utilized a 47 food item Iist. Both the Navy and Marine
Corps FCi's were directly related to and constrained by the Navy Ration
Law (NRL) of 1933 (Section 6082, Title 10, U.S. Code). The Hoover Commission
report of 1955 as well as a later Logistics Management instituta report of
1966 both emphasized that the resuit of this proliferation of applicable
regulations was an unjustifiable difference in the rations authorized for
different segments of the Armed Forces.

in order to Insure that ail enlisted personnel regardless of branch of
service received a uniform BDFA, a standard FCl was established in 1967,
This FCl, which most ciosely resempoled the Marine Corps food item list, was
consistent with the food types and quantities specified in the Navy Ration
Law, and was implemented for all services by DoD Directive 1338.9, "Uniform
Food Allowance for Eniisted Members of the Military Departments." This
was rescinded in January 1972 and superseded by a new DoD Directive 1338.10,
which contained a slightly revised FCl. The purpose of these directives was
to create a uniform ration for all services as well as a management scheme
tc enable the Office of The Secretary of Defense to exercise management
control over the food served each person entitied to rations, while still
providing the service manager with sufficient flexibiiity to exercise
reasonable choice in the food he serves. It has been the accepted view
that the FC| does more than set a 1recommended doiiar expenditure; it Is
a tool through which the quantity, quality,and nutriticnal standards of food
served can be influenced.
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The philosophy behind thls FCI, and a number of proposed changes to ift,
is that any index used by regulation to set a BOFA must adhere to the NRL
articles buth wlth respect to food components and to quantities. As long as
the FC| adheres to the statute, tne focd that is actually served ir dining
halls Is permitted to vary from the NRL under the provislon that "any article
may be Issued |n excess of the authcrizod quantity 1f there |s & under Iscue
of the same value in other articles."

The FCl, however, is much mcre specific in detailing specific food irems
and reflects somewhat more modern means of food preparation than the NRL.
Basically then, tt=2 FCl| adheres to the guldelines of the ration iaw, hut attempts
to be more cognizant of modern food technology and more recent food preferences.

However, examlnation of the NRL and Its associated FC| has revealed a
number of problem areas. The generic |isting of components in the NRL has
not kept pace with advances in food products and changing military food
preferences and usage. For example, the |lsting does not include certain
high usage items such as carbonated beverages, margarine,and ice cream, or
certain high usage food forms such as frozen foods. Therefore, strict
compliance with tne NRL could preciude the serving of many items in militfary
dining halls which are already served in large quantities. Large variances
may also be noted between the quantities speciflied in the NRL and the FCI
and the actual utilization experience of the military. While certaln substl-
tutions are permitted by the NRL, it is concluded that legislation and an
associated index which reflects, and could be periodicaliy updated to continue
to reflect, actual practice would represent an improvement over the current
system. Also, within the existing listing of foods in the NRL, the gereric
nature of some components (e.g., 20 oz. of fresh meat, poultrysor fish)
does not provide a flrm degree of control over the level of feeding (monetary
value of the BDFA) since there is no legally prascribed method for deriving
the FC| from the NRL. For example, it is possible to create FCI's which
yleld BOFA's ranging from $1.20 to $5.37 (using June 1974 DPSC prices) by
selecting the lower or higher cost speciflc food items within the generic
NRL nomenclatures for irclusion in a FCI. Theoretically then, conslderable
latitude is avallable to the DoD fo change the mllitary level of feeding
(BDFA) while strictiy compiving with the existing NRL. It shouli be note.
that these few comments mere'y highlight some of the deflciencies of the
NRL; a complete dlscusslon is available in another URCS report (!),

Desplte the drawbacks of the existing NRL-based system, the managers
and operators of DoD food service systems have established a reasonable level
of feeding in comparison with comparable civilian ornanizations, (27 and the
system operates at reasonabie levels of expenditure and does address .ocal
needs and requirements. 7Tnis has been more the result of the capabiity and

$02 Richardson, R.P., "Uniform Ration Cost System-Summary Report" USA
Natick Laboratories TR 75-69-0R/SA.

(2) Brzndler, P. et al, "The Basic Level of Feeding-A Comparison of
military and Comparable Clvlllan Food Utillzation" USA Natick Laboratories
TR 75-43-0R/SA.
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good Judgment of miiitary food service personnei, coupled with the fiexibiilty
of the NRL permitted by the aforement!oned exception or substitution rule, than
the fuli expiicit form of the NRL. What now exists under the present ration
cost system Is a management and cost controi which has progressively moved in
the direction of the exception In the law becoming the rule with the basic
controlling factor being the dollar constraint (BDFA).

SRR o Nl e b L

Because of the probliems mentioned above and other associated considerations,
the URCS program has recommended a new ration control system which recognizes
the dollar constraint (BDFA) as the predominant constraint as does current
practice, but which would include this Iimitation in a statute. This statute
would be written so as to allow this doliar Iimitation to fluctuate over time
as food prices rise or fall throug. the mechanism of a new improved DoD FCI.

This report examines the alternate methods for generating Improved

FCi's, both in support of the recommended new raticn control system and the
current NRL.
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SECTION i1,
OBJECTIVES
The basic objective of this study effort is to investigate alternatives
and recommend one or more methods for formulating a new Food Cost Index that
will support the overali URCS program recormendations and will:

I. Meet military nutritional standards.

2. Address food preferences in a rztrional manner based on accurrate
quantitative data.

3. Be consistent with reasonable economic considerations.

4. Reflect current food technology and consumption patterns and
trends.

5. Be suitabie for usage by all military services.
6. Be easy to understand and use.

7. Provide a BOFA capahie »f meeting ccensumer preferences and

requirements as weil as nutritisnal standards under changing food price
conditions.

8. Be flexible enough to endure over a reasonable period of time.
The general approach utilized in this report Is:

I. To explore a number of different alternative approaches (computational
methods) for FCI generation.

2. To select the best aiternatives and to deveinp FCi's hy each of

these msthods.

3. To evoiuate these FCl's and the alternative methods by wh!z% they

were generated, :nd to recommend one or more aiternatives for future implemen-
tation.
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SECTION 111,
ALTERNATIVE BASES FOR FOOD COST INDEX GENERATION

A number of aiternative methods may be used in the development of a FCI.
Part of the reason for this proiiferation of methods is due to the existence
of a number of different data bases from which a FCi canbe developed. Secondly,
given an appropriate data base more than one m2thod of manipulating it can be
developed. This report will initially present a discussion of all possible data
bases before proceeding with a presentation of mathematical methodoiogies for
deriving PC!'s from those data bases deecmed suitable. The data base options
scrutinized tn the course of this project Included:

A. The NRL and the Present FCI,

B. The February 1972 Recommendations of the Joint Service Task Group of
the DoD Food Planning Board,

C. The 1955 Burezu of Labor Statistice Recommendations.

D. Civililan Food Utiiization Patterns.

E. Foreign Military Ration Systems,

F. Other Federal Agencies' Ration Systems,

G. Actual Food Utiiization Pat’erns for the DoD.

H., Food Preference Surveys,

i. "Reference" Menus.

An evaiuation ot each of these as a basis for FC| development follows below:

A. The NRL and the Present FC! - The current NRL has proved satisfactory to
the Navy and the Marines since 1933, The present ration control system has
generaiiy served the four services in a satisfactory manner since 1967; however,
as noted in the introduction, this has been more the result of the capabiiity
an¢ good sense of military food service personnel than to specific application
of the NRL. Recentiy, questions have been raised with regard to the effectiveness
and suitadility of the NRL and its related FCi as well as other facets of the
current ration control system in the face of developments in food processing
and fnod service systems, changes in mil|itary consumption patterns, as weli as
inequities and probiems that were pointed out in the Introduction. Nevertheless,
it is appropriate In this analysis of FCl's fo include the current FCl as well
as to consider other aiternatives based on adherence to the NRL. in effect,
the current FC! represents a baseline against which proposed alternatives are
evaluated.
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The htstory of the development of tha current FC| suggests that the
domtnant conslderation In tts creatton was to comply with the component
requirements of the NRL ruther than to design to a specific cost level, or
to specific nutritton gutdelines, or to any other criteria. This Is not to
suggest that other factors are tgnored because cost factors, for example,
are alwaye examined critically, dbut only to indicate the relative Importance
of conformance to the NRL, Considerations of nutrition In particular are
conslidered secondarily stnce the NRL allowances are supposedly formulated
to provide sound nutrition. As expected, a nutritional analysis of the
current FCl reveals that It meets or exceeds all Daily Dietary Allowances
specifled by The Surgeon General,

While conslderations of nutrition are indirectly factored Into the
current FCl by designtng to the NRL, up until November of 1973 no clearly
expressed cost constraints had been placed on the design of the FCI. In
November 1973, an Interservice Task Group was requested to restructure the FCI
such that the tncorporation of open market rather than Department of Agriculture
donated butter would increase the value of the BOFA no more than $.04. The
reason given for this cost constraint was that the subsistence budget was
already strained from rising food prices. There was perhaps also the tacit
assumption In such a request that the cost (BDFA value) of the original FCI
represented a s|ightly high level of feeding. Regardless of the valldlty of
this particular assumption, the incorporation into the design of a FCl of a
cost guideline pertaining to an objectively determined level of feeding
seems eminently desirable. The particular level that seems to be most worthy
ot consideratton s the level of feeding In civilian operations deemed
comparable to the military.

While declsions related to cost, nutrition, and prescribed food
quantities for the current FCl could all be made with reference to readily
available quantitative data or to the NRL, item choice with respect to food
preference was handled In a more Intuitive fashion., Basically, the approach
tn this area was to select food items for the index that were most representative
(tn terms of type and quantity) of those being used by the services In each
of the components required by the NRL, Thus, an attempt has been made to
make the PC! an Indicator of current food utilization patterns insofar as con-
cumttant adherence to NRL constraints would permit, In effect, this approach
attests that consistency with feeding patterns represents the Lest available
approach to a high-preference food Iisting in the FCl. Without arguing the
relatlive merits of this approach, it is recognized that it did represent a
rational one. During the Uniform Ration Cost System (URCS) program, comprehensive
data on DoD food uttlization patterns have been gathered to allow declslons to
be made as to appropriate FC! revistons reflecting current food utilization.

One may interject that the general question of factoring In food
preferences can be handind in another fashion., A large body of survey
information on expressed food preferences has been gathered In recent years,
and the means o! incorporating these data into a FCl| will be dlscussed later.
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In summary, It may be stated that the current FCI Is formuiated primarily
to one constraint, the law, rather than to any set of relevant constraints.
Having met this one constraint, checxs for nutritlional or cost adequacy are
then performed. The approach of deslgning to one major constraint and then
iteratively adjusting the results In an empirical fashlon to satisfy other
secondary constraints |s a perfectly sound approach provided one is not
seeking to determine an absolute maximum or minimum, in which case a
mathematical programming approach |s much more effective.

One may ..ote at thls point that while this sequentliai approach to
FC! design may be adequate, the partlicular sequence of flrst designing to
a law which specifies quantitles within speclfic categories necessarily
depends on the existence of such a law, Even glven the desirability of
such a law, the sequence of a law ylelding a FCl could justiflably be
reversed by first designing a FCl to meet deslred constraints of cost,
nutrition, preference, etc., and ther designing legislation to encompass
it.

Later a number of speciflc methods of developirng FCl's based on the
NRL will be presented, as wlll other techniques for developing FCl's that
are unconstralned by any legisiation.

B. The February 1972 Recommendations of the Joint Service Task Group
of the DoD Food Pianning Board - In Fiscal Year 1972, it was realized that
the FCI then in operation (the current FCl), was in need of revision. in
Qctober and December 1971, the Offlce of The Assistant Secretary of Defense
for Instaliations and Logistics requested that the DoD Food Planning Board
choose a task group to be chalred by the Navy member to revise the FCl. The
new Index was to be compatible with the NRL, but it was expected that reailstic
Interpretations would be appiled to the law to comply with guldance that the
index reflect as much as possible the food utillzation patterns of the
services. Thls group drafted a revised Index based upon its review of
Individual service recommendatlions and the Navy Ratlon Law. Dlscussions
in 1974 wlth service dleticlans have Indicated that 1he revisions
suggested by that task group, which were not adopted at that time, shouid
be given strong considaration In the URCS study. In view of the recommenda-
tions of these experienced professionals, this recommended FCl has been
included as a proposed alternative for evealuation,

C. 1955 Bureau of Labor Statistics (BLS) Recommendations = In 1955
work on a Unlform Ration Law resulted in a proposed ration entitlement to
combine into a common ration those features which "experlience" with
exlsting rations had shown to be essential in meeting reasonable food
preferences and nutritlve allowances for all services. A condensed |ist
of approximately 200 food |tems had been developed which was taken as
"representative" of the food requirements of the military services. In
order to determine miiltary ration aliowances, the BLS was contacted for
asslstance in the development of a statistically derived FCI. The BLS
utlillzed this IIst of 200 Items to develop Its proposed FClI. They did
state, however, that the cost Index they developed was to be conslidered
an interim estimate of the total cost of all {ood items purchased sirce
It couid not be used Indefiniteiy. The quantity welghts In their index
are not the amounts of these Items to be included in the daily ration, but

7
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rather represent other reiated items as weil. The weights assigned,
therefore, have no significance except for statisticai caiculations.
The weights are obtained by computing cost per i00 men of a group of
items represented by a sampie (index) item and dividing this total by
the price of the sampie Item. The BLS suggested two aiternative |Ists
of 45 and 40 sampie items. These sampie |tems represent 84% and 77%

i of the vaiue of the daily ration based on 200 items., Two criterla were
1 used by the BLS in the selection of items and the ailocation of reiated
items:

i. The importance of the Items in a daiiy ration as measured by the
200 items; and,

2. The similarity of price change over the three-year period for
which DoD suppiied price data to the BLS.

T e T

i in making their choice as to sample items, the BLS minimizes the

] aliocation to the index of items which are iocaily procured due to the

: variation from place-to-piace in the price of iocaiiy procured items.

] Nowhere in the correspondence reiated to this undertaking is any mention

1 made of adjusting this index to the NRL. This is due to the fact that the
deveiopment of this index was part of a larger program to deveiop a new
Uniform Ration Law to repiace the NRL. The BLS tested the aiternative

- _ lists for the one-year period, April 1954 through March 1955, a period for
! which complete cost information had been suppiied for the 200-Item list.

¢ For that particular period, the maximum difference in the cost of the

1 dally ration as determined hy the 20n-item |ist and the 40-item |ist is

! 0.9¢ and the maximum using the 45-i1tem sample Is 0.6%.

While the expiiclt formuiation of the index proposed by the BLS is
cieariy out-of-date by now, the methods used definltely have merlt. The
4 DoD food usage data, discussed below, in fact wiil be subjected to simiiar
_ anaiyses as the aforementioned 200-item iist In order to deveiop an aiterna-
b tive FCI that is essentlaliy anaiogous to the BLS ilst but much more current.

D. Civliian Food Utiiizatlon Patterns - in the course of this project,
and reported under a separate reporf,(i’ food usage data for certain civilian
organizatlons, which represented situations generaily comparabl- .o the
miiltary in terms such as physicai activity, age distribution, and sex
distribution, have been compared with mil‘'tary food usage in order to deter-
mine an appropriate ievei of feeding. (t might be conjectured that this
same data bsse could be used for the deveiopment of a FCI. However, this
idea must be rejected for a number of reasons. First, aithough each
indlviduai organization has some specific points of ldentl|fication with the
miiltary situation, none represents a compieteiy comparable situation, in
addition, the data base represents too smaii a sampie size, both from the
point of view of the number of meais Included in the sampie and In terms of
encompassing less than a fuii year's data. The aiternative of combining ali
of the civiiian data rather than attempting to deveiop a FCi from any one

T

( Brandier, P. et al, "The Basic Level of Feeding-A Comparison of

Miiitary and Comparabie Clvilian Food Utilization" USA Natick Laboratories
TR 75-43-0R/SA.
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organization's data has its drawbacks as weii. Even though each organization
wouid contribute Its ewn particuiar similarities to this data pool, each wouid
additlonaliy add its unique dissimiiarities, so that the final data base would
represent a heterogeneous mixture.

The US Department of Agricuiture has also gathered clviiian consumption
data which one might consider utiiizing. However, a number of probiems
exist wlth these data as well. The USDA presents its data on two bases:
first, by Individuais, Identified by age, sex and family income; and, second,
by household, ldentified by Income, part of US, rural or urban, etc. While
the individuai data wouid allow us to choose a group of appropriate age and
sex, the food quantities referenced are "as consumed” rather than "as
purchased" and hence would require some careful adjustment to put it on an
"as purchased" basis needed for FC| development. This adjustment factor
should include allowable wastage factors (as opposed to existing wastage
as in the DoD data) and cooking shrinkage factors. The USDA famliy househoid
data is on an "as purchased" basis; however, it represents the consumption
of an average family of 3.4 members, including both sexes and ali ages, a
qroup which i1s not comparable to the miiitary. The last compiete survey of
United States consumption took place in 1965 when entirely different
considerations of food prlice economics held true. The nine-year time span
between that survey and the present probably represents a considerable
qulf with respect to current food consumption patterns. In addition,
utilizatior by Individual item, which is the kind of data necessary for
FCI development, is not readiiy accessibie but is available ‘rom the USDA
only at the expense of a grea* deai of effort. In sum then, while the
individual data might perhaps be utiiizabie for the generation of a FCi,
the time span since the survey and the difficuities In accessing the data
preclude |ts usage.

E. Foreign Miiitary Ration Systems - Data have also been gathered on
the ration systems of 9 dlfferent foreign military organizations (Canada,
Australia, United Kingdom, West Germany, Italy, Spaln, Portugal, The Nether-
iands and France), and a compiete discussion of these systems is availabiu
In "Analysis of Foreign Mliitary and U.S. Institutionai Ration Cost Systems,"
US Army Natick Laboratories, TR 75-66-0R/SA. In terms of factors such as
age dlstribution, activity ievel, and occupation, these organizations repre-
sant suitable subjects for consideration as bases for FCl deveiopment. The
one major drawback is that in most of these cases the cultural eating patterns
are considerably different from American eating patterns. A few sltuations,
however, do not represent significant departures, for example, Canada or
the United Kingdom. Even in these sltuations where the culturai eating
patterns are comparabie, the systems utilized in providing and accounting
for rations differ with the American system in certain respects such that
their ratlon scales couid not be adopted in an unchanged fashion. For
example, these systems generaiiy reiy upon a roster court rather than a
headcount system; therefore, there is a strong reiiance in these sysiems
on absentee rates to provide flexibility in the system with respect to food
item choice, portion slze, etc. As a resuit, the food aliowances tend to be
fow as compared to those used in a headcount system, In additlion, many of
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these are food plan systems where Issues are controlled by food group rather
than controlling simply on a cash basis. Therefore, the maksup of these
ration scales is quite detailed and extensive in terms of alternatives in
order to provide a measure of flexibility in food item choice. Finally, there
is no real reason to believe any of these ration scales necessariiy represents
the results of more careful scientific analysis than the current US FC! or
one which might be developed from current research.

F. Other Federal Agencies; Ration Systems - As in the case of the
military, at least two other Federal Agencies, the Veterans Adminlstration
and the Federal Bureau ¢f Prisons, are faced with the responsiblllty of
administering large scale feeding systems as part of their mission. A
complete discussion of these systems is also presented in "Analysis of
Foreign Military and U. S. Institutional Ration Cost Systems, "TR 75-66-0R/SA.
Neither one of these sltuations, however, represents a situatlon that is
similar to the military. First, the Veterans Administration invoives a
sedentary population of different age distribution subject to speclal diet
considerations. Hospitai feeding, in generai, would seem to be a very
poor basis for developing a daily food al lowance for the active miiitary
man. The Federal Bureau of Prisons aiso seems to be a rather poor choice
as a basls for military feeding if only for the punitive connotation Involved.
The Federal Prison System represents a non-voiuntary food service operation.
subject to tight budgetary constraints and with no desire to increase
patronage. As such, it represer*s a poor basis tor a mil tary FCl especially
in the context of today's modern volunteer forces.

G. Actual Food Utilization Patterns for the DoD - The DoD Food
Utllization Survey, discussed in another report, ( provides a firm
quantitative basis for the generation of a FCl. It i_. doubtful that as
thoroughgoing a survey in terms of data coliection was carried out in
1955 to determine the consumption patterns which were used by the Bureau of
Labor Statistics.

Question may be raised as to whether a FCi generatei from DoD food
utilization data would be a carbon copy of the present FCi since this FCl was
a major constraint on the system. It must be remembered, however, that
the utilization of @ FCI still allows the food service manager wide
flexibiiity to exercise a wide choice In his food selection provided he
stays within the daiiy dollar allowance (BDFA). T“his s, in fact, the case
when the data from our study is compared to the FCi (2) " it seems reasonable,
therefore, to assume that the food service manager utilizes this flexibility
to the maximum extent possible to meet what he considers to be the preferences
of his customers based on his personal experience. The incentive toward this
course of action is clear., A radical misjudgment as to the |ikes and dislikes
of his customers could ieave the food service manager with large amounts of
unused cooked food on his hands with no headcount (credits) to cover its cost,
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(Z)Brandler, P., Deacon, R. "Patterns of Food Utilizatlon in the DoD,"
USA Natick Laboratorles, TR-75-65-0R/SA.




resulting - in his exceeding his BOFA in.vicolation of regulations. - It must
be admitted that the.food service manager adjusts his menu to reflect
conslderations other than customer preference, Questions of commissary
supply, econemic considerations, difffculty of preparation, labor avalla-
bility, and his personal food preference also affect his choices as wsll.
Nevertheless, food consumption data must be considered at IeasT +o some
degree as an indrrecf tndicatten of food: preference - -

The DoD food usage daTa collected In~our recenT study was gathered
with a view towards its uttlizatton as a basis for the development of a
FCl. As-such, it reflects the "real" situation by measuring item- usage on
an "as purchased" basis, |Inking these purchases to the resultant number. of
meals or rations served, These data, therefore, contain factor allowances
for such things as preparation and plate waste,  This particular feature can
be considered efther as a detlicit or an advantage, The advantage is that
it reflects actual experience, A FC| based on these data, which resulted
from a survey of a reasonably broad cross section of DoD, allows the average
food service manager suitable leeway for error due to such wastage without
overly harsh penalty, while still providing [ncentive for the more capable
manager +o improve his menu by Trlmmlng his wasTage

: Flnally, the dafa base is su:fably broad and the sysfem for its’ analy5|s
suffic:enfiy sophisticated so that a number of different FCl's can be developed
using different +echnaques and desired cr|Ter|a or assumptions.

H, Feod Preference Surveys - Wh|le DoD foed: utillzation data have, as
explained previously, been thought to represent or at least reflect to a
reasonable extent consumer preferences within the armed services, it was -
felt that a- ‘such more scientific body of knowledge developed by professional
psychoclogists on the basis of statisticallyanalyzed surveys.utilizing care-
fully constructed questionnaires was necessary. This approach Is a ""grass
roots" approach wherein the individual customer states his |ikes and dislikes,
thus providing direct information on food preferences rather than depending
on the dinfng facll ity manager's decisions as ts the case when using actual
food utllizatton data, In view of this fact, the Operations Research/Systems
Analysis Office tasked the Behavioral Sciences Division of Food Sclences
Laboratory of the US Army Natick Laboratories with a program to gather and
analyze these data. At this time, thercfore, a large body of sound scientific
data exists which expresses the preference of U,S, service personnel for a
large ITst of menu items, both with respect to hedonic ratings (desirability
on a.scale from | to 9} and desired frequency of serving.- The data base,
therefore, exists for the development of FCl's which should represent the
maximum in food preferences., Since the preference survey considers menu
items (such as beef stew! rather than Individual food components (such as
diced-beef, carrots, peas, etc.,), the development of FCl's from these data
can only be accomplished by using the data to develop a-reference menu and
Then by using the reference menu as discussed below. It Is impossibie to get



valid preference cata on component ltems since consciously or unconsciously
Judgments of food are norma!ly made with reference to the preparec state.

!. "Reference" Menus - Al| of the previously mentionea >lternatives have
a view toward creating a relatively short FCi which could be costed easily
by manua| methods. With Increasing avatlabtlity ot com;.:ter processing
capability, the necessity for a very short |ist Is diminished. This rapld
data processing capability makes it feasible to cost-out an entire menu
rather *+han just a representative sample of times. That Is, all of the
recipes tn the menu would be recapitulated as to the total amounts of
each food component Included, Then this total quantity by Item data would
be merged with a file of DPSC unit price Information to yield a resulting
1 total raw food cost, The concept, therefore, of designing a reference menu
which serves both as a FC! as well as a standard for meal planning becomes
attractive, The design of such a menu can be greatly enhar<ed by utillzing
the preterence hedonic ratings developed by the aforementioned preference
surveys !n the cholce of food items.

A number of approaches can be taken which permit the incorporation
of preference data into a reference menu in @ systematic manner: ()
maximize the overall|l preference rating of a menu subject to cost and nutrition
. constraints; or (2) minimize the cost of the menu subject to preterence and
3 nutrition constraints. The first approach could be used in designing a menu
to a desired level of feeding measured in monetary and nutritive terms.
The second approach would be taken In a situatton where minimum preference
and nutritive levels had been decided upcn, and the most cost-effective
means of achleving this goal was desired. In both cases an indicator could
be incuirporated which would flag situattons where either the maximum preference
was below desirable levels in the first case, or the minimum cost was In
excess of "reasonable'" costs in the second case. At this point, a declsion
k would be made whetter 1o relax the constraints to permit a change in the
solution or adopt rhe solution as is.

One possible sequence in the application of these two approaches would
be to first apply the cost minimization model subject to preference constraints
to generate a DoD referenc2 menu. This menu would then be costed to establish
a DoD BDFA, Next, a "local" reference menu could be generated using the
preference maximization model with the DoD BOFA as the cost constralnt and
applying organizational (i.e.,, one service, one region, or possibly one
instal lation) preference data. That Is, all DoD would be subject to the
same BDFA, but the "local" reference menu would derive from "local" prefe:ence
data,

It must be admitted that the current state-of-the-art does not perm|t
the mathematical optimlzation processes that have heen suggested if selective
menus are f1esired. Nevertheless, a preliminary investigation by the study
team l.Jicates that the use of standard menu planning technlques by qualified
prcfessionals but making use of food preference data permits the preparation
of reference menus with improved hedonic ratings.

P e, 4
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In addltlon, research efiorts are underway to develop the desired mathematical
optimization teciiniques, and good progress has already been made In designing
non-selective (single cholce) menus.

One attractlve facet of such a FC) Is that a food service manager who
adheres closely to the reference menu prepared under the preceding approach
(using approprlate preference data) has hlgh assurance of providing an
appeal Ing, nutritious menu to the troops wlthin acceptable costs, and all
thls withoui burden of complex local menu planning or costing. This Is not
meant to Imply that adoptlon of the reference menu approach should requlire
that the menu develop. be served everywhere. What |s offered Is a qulde
which if followed will| produce the most consumer-oriented menu based on
available data. Thus, the objective is much |lke that of current Master
Menus, but the effort should beneflt from more extenslve use of recently
obtalned DoD-wide 2nd mllitary service food preference data. Capable
menu planners would still enjoy the normal freedom of making changes
reflecting local preferences and other requirement;, such as food avallabl|lty
considerations, Naturally, menus so developed would be perlodically revlsed
to meet changlng food preferences as Indlcated by regular enlisted personnel
csurvevs,

The major advantages, however, of the computer optimized preference
menu are that it: (a) allows menu design to parameter values which are
conflned 1o a deslred range (e.g., nutrlent values equal to the Dally
Dletary Al lowance, plus or minus a stated percentage) rather than just
working in a very broad ranye of values (e.g., energy of no less than
3400 calories); (b) allows the simultaneous consideration of more than one
parameter constralnt (e.g., cost and nutritlon); (c) provides mathematically
optimized computation of the "objective" parameter (e.g. preference) subject
to the constraints; and,(d) does everything rapldly, saving much time over
manual app--aches even if partial computer asslstance |s available. As has
been pointes out above, the approach can allow overrlide by the menu preparer
or dietician if desired. For the above reasons,|t |s consldered that a
menu-based FCl represents an Interesting alternat|ve.

The use of a reference menu should not be dilscarded even if the
concept of complete menu costing for setting the BCFA is rejected in favor
of a short index. The same technlques which will be suggested later for
developlng FCI's from DoD food utilizatlon data can be applied to reduce
the number of |isted foods in a menu recap, with almost the same benefits
as clted for the complete costing approach.

Despite the strong arguments that favor the use of a reference menu
as a basis for a FCl, a number of sallent points are recognlzsd:

I. The use of food utlllzation data Is well understoocd and accepted,
and more proof may be necessary to demonstrate that some other approach offers
better results.

2. Current Master Menus have a preference orientation, and it musi be
establ ished tr=T a preference survey derived menu |s better overall from the
perspective of the consumer.




3. A Judgment must be mado as to whether a seiective or non-selective
preference menu shouid be used as a basis for a FCi.

4, If a selective Leference menu is used, a decision must be made as
to how to evaluate Its preference rating. (An Improved method of evaliuating
the preference of non-selective cyclic menus has beer. developed In the
URCS effort).

5. |If 3 selective preference menu Is used, an Important issue to be
resoived Is what Issue factors (percentage of consumers taking each [tem,
such as one entree as opposed to another) to use in recaping the menu.

6. Flrst results In designing a preference menu Indlcate that larger
quantities of a smallier number of raw foods are used than with a typical
Master Menu. While thls has certaln potentlial logistics advantages as
well as the expected preference gains, the overail practicabl|ity of the
menu remalns to be valldated.
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SECTION 1V,

TECHNIQUES FOR
FOOD COST INDEX FORMULATION

The net result of the prior discussion has been 4 identify three
alternative bases for the generation of FCi's: (I|) the Navy Ration Law,
(2) DoD Pood Uttltzation Patterns, and (3) reference menus incorporating
preference survey data, Even glven what may be deemed an appropriate
base upon which to construct a FCt, more than one reasonable alternative
can be formulated depending upon the desired constraints and assumptions.

A, FCl's Based on the NRL ~ Before proceeding tc any new calculations,
three NRL based FC!'s exist which should be discussed. Presented in Table
| Is the current FCI, As Mas been noted before, it is compcsed of 48 items
falling tnto the food groups detailed in the Navy Ration Law. Recent re-
search into DoD food utliization reveals that this FC! operates mainly as
a cost constraiint, and considerabie independerce is exercised by local food
service managers with respect to their choice of food items actually served.
This is particutlarly true with respect to the issue factors of the !tems in
this FCi. For example, research indicates, as reported In "Patterns of Foo~
Utitization in the DoD," USA Natick Laboratories TR 75-65-OR/SA, that vegetables
are served in considerably lower quantities than cpeclfied In the FCI. Table
2 presents a summary comparison of actua! DoD utilization In each of |3 categor-
ies with FCi indicated allotments in each catecory. ODlfferences will be noted
in almost al! categories and many of these dif‘erences are signiflcant, indicat-
Ing that actual usage is not in line with the FCI.

in FPebruary 1972, the FCi Joint Service Task Group of the DoD Food
Planning Board proposed a series of revicions to the FC| which are compatible
with the NRL ration allowances and the increased milk allowance author!zed
under the current DoD Appropriation Act., The total NRL quantitative allowance
for each component i« reprecented in that proposed FC! revision, the phllosophy
of Its construction with respect to the NRL adhering to that of the current FC!.
Food uttltzation patterns within the services are reflected to the extent
possible in that proposed FC!, dbut the Task Group felt that food service
system differences and operationa! conditions preclude unlform service-wide
consumption patterns., Frozen fruits, vegetables, fruit julces, and cake
mixes are added and the guantity of purchased bread increased In thls FC!.
Comment was made that some Increase in the allowance for eggs !s deslrable,
as well as the additlon of a greater variety of formulated and convenlence
foods, but that these changes to the FCi are not feasible under the current
NRL prescribed ration 2:ntitlements. Provision for the use of the new
fabricated beef items is also made. Table 3 presents this proposed FCI.

Finally, as noted previously, the first specifically cost-constiralned
FCi was proposed by OASD (i&L) in connection with the use of the market
price of butter. Table 4 presents this Apr!! 1974 proposa!. Although the
concept is novel, the actual changes represented by this FC! as compared with




TABLE 1
THE CURRENT FOOD COST INDEX {FCI)

Quantity Unit  Value of

y s

Component ' Unit Per 100 Price Component
Bacon, Stab, Sliced 8905-403-.9592 Pound 7.00
Beef, Boneless, Grill Steak 8905-151-6586 ” 10.17
Beef, Boneless, Pot Roasts 8905-151-6585 . 12.02
Beef, Boneless, Ground, Frozen 8905-285-2075 " 12.025
Becf, Buneless, Patties 8905-935-3268 " 12.025
Ham, Smoked, Boneless 8905-682-6643 " 6.30
Pork Roast, Boned 8905-753-6568) 50%

Pork Slices, Boned 8905-753-6569) 50% " 8.74
Chicken, Rtc, Cut-up 8905-965-2128 ” 11.54
Fish Filtet, Flounder 8905-164-0490 . 4.00
Butter, Fresh, Patties 8910-782-319% ” 10.00
Cheese, Cheddar, Natural 3910-125-8440 " 3.125
Eggs, Fresh, in Shell 3910-N43-3198 Dozen 10.00
Apples, Fresh, Eating 8915-126-8812 Pound 17.00
Bananas, Fresh 8915-126-8748 . 5.00
Oranges, Fresh 8915-616-0212 » 18.00
Cabbage, Fresh 8915-616-0194 ' 14.75
Carrots, Fresh 8915-127-80.3 " 13.00
Celery, Fresh 8915-252-3783 o0 12.00
Lettuce, Fresh, Head 8915-117-3358 * 13.00
Onions, Dry 8915-615-0200 " 15.00
Potatoes, White, Fresh 8915-616-0220 *h 98.00
Tomatoes, Fresh 8915-582-4059 = 13.00
Lard, Svc, or Shortening GP 8945-316-0091 @ 10.00
Apples, Canned 8915-126-4060 = 5.256
Asparagus, Canned 8915-286—-8696 " 3.00
Beans, Green, Canned 8915--616—4820 " 8.25
Cherries, Rsp, Canned 8915--286-5486 " 4,00
Corn, Whole Grain, Canned 8915-257-3947 " 7.50
Juice, Orange, Canned 8915-241-2800 ” 1.875
Juice, Pineapple, Canned 8915-634-2439 . 1.875
Juice, Tomato, Canned 8915-255-0523 " 3.75
Peaches, Sliced, Canned 8915-577-4203 " 3.25
Pzars, Halved, Canned 8915-616-3223 ” 2.25
Peas, Green, Canned 8915-127-9282 " 6.125
Pineapple, Sliced, Canned 8915-170-5148 " 4,00
Tomatoes, Canned 8915-582-4060 " 14.50
Fiour, Wheat, Hard 8920-125-9423 " 37.50
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Camponent

Noodles, Egg
Rice, Parboiled
Spaghetti

Sugar, Granulated
Jam, Strawberry
Jelly, Grape

il, Salad

Catsup

Vinegar

Cocoa, Natural

Coffee, Regular and Ground
Cereal, Cornflakes

Bread, White, Plain
Milk, Whole, Fresh

Subtotal

Condiments and Accessory Foods - Add 2% of Subtotal

Crand Total (Value of Basic Daily Food Allowance for

TABLE 1 (Contd)

THE CURRENT FOOD COST INDEX {FCl)

8920-126-3388
8920-530-2185
8920-1256-9441
8925-127-3074
8930-197-1917
8930-127-3079
8945-616-0081
8950—127-9789
8950-221-0297
8950—-616—0213
8955-223-5806
8955-286-5372
8920-125-8447

100 Persons)

Divide 8y 100 (Value of Basic Daily Foud Aliowance for
One Man)

Unit

Pint

Quantity Unit

Value of
Per 100 Price Component

2.00
3.00
3.00
31.26
1.875
187¢
2.8876
4,76

3.1725

3.125

9.375
200

37.50
200.00

Sial



90
AN
LI0
vse
o9l’

vel

cLL'L

LSE’

801l°C

oz

1 aca

I AR T T

e

Lor
oLo
6ZL°
cel

XA

lEL”

LS6

L8ee
S0¢C

600°L

0104 My

N

8LO’
get’
120
8LC
SSL°
96v
ey
9L’
scl’L
LET
6LLL
LT
oLot

Anen
N

L0

1]

74
o9L*
o6t
veLr
T4
0s0°L
ive
60L°C
eve
298’

saubieyy
N

LEO
ocL’
6L0°
3:74
/AN
vor’
139
oLL’
oLL’L
434
e
vee
696

Auuy
N

('sq w suun py)

«64C

0S¢
6cl’
L8G°
0S8
1443
LEO'C
1 14
3: 744
oct’

8es’

- Xapuy|
1509 pooy

NOILVH H3d NOILVZITILN GOO0H 40 NOSIHVJIWOD \

Z378vL

swial: paysi| Ajjedlydads Ajuo sapnjauy,
snNoaue}jaosiy

sluawipuo)

s3ined o) pue sdnog

S19amg pue sebng

Buissaiq pejeg pue sj;0 ‘siey
s1nu4

$131pauy [e313) 1 Ukl
SINN pue sawnfay
sajqeabop

sabesanag

SI9NpoId HIIN Pue SN
s663

ysiy ‘Adynog “yeapy

dnosg poo4

I8




TABLE 3

FEBRUARY 1972 PROPOSED FCi

Component

Bacon, Stab, Sliced

Beef, Fresh, Carcass OR

Beef, Boneless*

Ham, Smoked, Boneless

Pork Loin, Fresh, Bladeless OR
Pork, Boneless, (50% roasts, 50% chop)
Chicken, Fresh, Rtc (Whole) OR
Chicken, Rtc, Cut-up

Turkey, Rtc, Whole OR

Turkey, Boneless, Raw

Fish, Portions, Haddock and Cod
Butter, Patties (70% Pa‘ties/30% Print)
Cheese, Cheddar, Natural

Eggs, Fresh, in Shell (Medium or Larger)
Apples, Fresh, Eating

Bananas, Fresh

Oranges, Fresh

Strawberries, Frozen

Cabbage, Fresh

Carrots, Fresh

Celery, Fresh

Lettuce, Fresn, Head

Onions, Dry

Potatoes, White, Fresh, Sk
Tomatoes, Fresh

Shortening, Compound, GP
Apples, Canned

Beans, Canned, w/Pork

Beans, Green, Canned

Cherries, Rtp, Canned

Beans, Green, Frozen

Broccoli, Frozen

*With the new beef roastsand steaks, boneless beef values are computed as follows:

Grill Steak Pound
Pot Roast "
Ground

Unit

Pound

”
”n
"
n
”n
”n
"
”
”
”
"

"

Dozen
Pound

"
"
”n
”n

8.93
10.56
21.11

19

Quantity Unit Value of
Per 100 Price Component

3.00
59.70
40.60

7.20
14.00

9.41
11.00

8.46

4,00

2.46

6.25
10.00

3.125
10.00
13.00
13.00
13.00

5.00
13.00
11.00
11.00
20.00
12.00
75.00
14.00
10.00

4.00

2.00

4.00

3.125

8.29
10.34




Zumponent

Corn, Whole Grain, Frozen
Potatoes, French Fried, Frozen
Juice, Orange, Frozen (3 + 1)
Juice, Pineapple, Canned
Juice, Tomato, Canned
Peaches, Sliced, Canned
Peas, Green, Canned
Pineapple, Sliced, Canned
Tomatoes, Canned

Cake Mix, Yellow

Flour, Wheat, Pastry

Rice, Parboiled

Spaghetti

Sugar, Granulated

Jam, Strawberry

{ ' Jelly, Grape

3 0“, Salad

Catsup

Coffee, Regular and Ground
Cereal, Cornflakes

Bread, White, Plain

Milk, Whole, Fresh

Subtotal

100 Persons)

One Man)

Pound

20

TABLE 3 (Contd)

Unit

"

"

"

Condiments and Accessory Foods — Add 1.5% of Subtotal

FEBRUARY 1872 PROPOSED FCI

Quantity  Unit

Per 100 Price Component

7.28
12.75
1.17
1.40
1.40
5.26
2.00
7.00
14,25
13.50
12,00
4.00
3.00
31.25
938
938

5.00
5.00
12.50
3.00
49,50
200.00

Grand Total (Value of Basic Daily Food Allowance for

Divide by 100 (Value of Basic Daily Food Allowance for
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TABLE 4

FCI PROPOSED BY THE OFFICE OF THE ASSISTANT SECRETARY
OF DEFENSE FOR INSTALLATIONS AND LOGISTICS

Quantity  Unit Value of

Component Unit Per 100 Price Component
Bacon, Slab, Smoked OR Pound 7.00
Bacon, Slab, Sliced " 7.00
Beef, Fresh, Carcass, OR " 68.00
Beef, Boneless* ' 46.24
Ham, Smoked, Boneless " 6.3
Pork Loin, Fresh, Bladeless OR “ 13.00
Pork, Boneless {50% roasts/50% chops) " 8.74
Chicken, Fresh, Rtc, (Whole) OR " 15.00
Chicken, Rtc, Cut-up " 11.54
Fish Fillet, Flounder " 400
Butter, Patties " 10.00
Cheese, Cheddar, Natural " 3.125
Eggs, Fresh, In Shell Dozen 10.00
Apples, Fresh, Eating Pound 17.00
Bananas, Fresh " 5.00
Oranges, Fresh " 18.00
Cabbage, Fresh " 14.75
Carrots, Fresh " 13.00
Celery, Fresh " 12.00
Lettuce, Fresh, Head " 13.00
Onions, Dry " 15.00
Potatoes, White, Fresh " 98.00
Tomatoes, Fresh " 13.00
Lard, Service or Shortening, GP " 10.00
Apples, Canned " 5.25
Beans, Green, Canned " 8.25
Cherries, RSP, Canned " 4.00
Corn, Whole Grain, Canned " 10.50
Juice, Orange, Canned " 1.875
Juice, Pineapple, Canned " 1.875
Juice, Tomato, Canned " 3.75
Peaches, Sliced, Canned " 3.25
Pears, Halved, Canned " 2,25
Peas, Green, Canned " 6.125
Pineapple, Sliced, Canned " 4.00
*Grill Steak " 10.17
Pot Roast " 12.2
Ground Beef " 12.025
Beef Patties " 12,025
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TABLE 4 (Cont'd)

FCI PROPOSED BY THE OFFICE OF THE ASSISTANT SECRETARY
OF DEFENSE FOR INSTALLATIONS AND LOGISTICS

Quantity  Unit Value of

Component Unit Psr 1C0  Price Component
Tomatoes, Canned Pound 14.50
Flour, Wheat, Hard - 37.60
Noodles, Egg " 2.00
Rice, Parboiled " 3.00
Spaghetti " 3.00
Sugar, Granulated " 31.25
Jam, Strawberry " 1.875
Jelly, Grape " 1.876
Oil, Salad " 28875
Catsup " 4.76
Vinegar ” 3.1725
Cocoa, Natural " 3.125
Coffee, Regular and Ground " 9.375
Cereal, Cornflakes " 200
Bread, White, Plain " 37.50
Milk, Whole, Fresh Pint 200.00
Subtotal =

Condiments and Accessory Foods — Add 1.5% of Subtotal

H)

Grand Total (Value of Basic Daily Food Allowance for
100 Persons) =

Divide by 100 (Value of Basic Daily Food Allowance for
One Man) =
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the current FCi are not extreme. First, 3 pounds of canned corn are
substl|tuted for 3 pounds of asparagus; and secondiy, the condiment aliowance
is rcduced from 2% to 1.5%. These changes stiil adhere to the ietter of

the NRL, and no new iibertles are taken as to interpretation.

Focusing attention on proposed means of deveioping stiii further
aiternative FCi's based on the NRL, one notes that the Navy Ratlon Law
specifies |14 components (articles), I3 of which have prescribed Issue
factors associated with them. Of the 13, 4 comprise a singie cholce
(butter, eggs, sugar, cheese) and the other 9 provide one or more "or's"
as a choice. In some cases,the cholce |s among different types of
food items (cocoa or coffee or tea), in other cases the choice is among
form (fresh or canned or dry). Compiicating the issue further, is the fact
that the components refer to generic groupings (like "meat, poultry, flsh")
t> which a iarge number of food items can be associated. The objective In
designing a FCi Is to associate with each NRL component one or more specific
food items such that whiie the items for each overall component have the
NRL specified issue quantity associated with them, the choice of items and
their issue factors reflects food utilization patterns in the DoD.

The pronosaed approach to achieving this ic iilustrated in Figure | and
2. In both figures the startina polint for the generation of the index
is naturaliy the NRL articie. As previousiy mentioned, most articles have
a number ot associated choices. The first probiem, therefore, is to determine
bow much of the issue factor specified for each choice to incorporate into
vhe index. The means chosen is to determine what percentage of the totai
uvilization (in Ibs/ration) for items faliing into the generic ciass
identified by the NRL article are utilizsd on the sub-group of items failing
into the choice cartegory, e.g., what percent of utilization of NRL articie
3, vegetabies, are of fresh vegetabies. (This percentage figure can aiso be
interpreted as the number of ration equivalents per hundred rations). As
Figure | indicates, of the i.27| ibs/ration of vegetabies utiiized in DoD,0.706
ib/raticn or 55.6% are fresh vegetabies. The product of this figure (55.6%)
and the NPL issue factor for this choice (fresh vegetables -- 44 oz) Is the
total issue factor (24.5 oz/ration) for the FCI items chosen to represent
this NRL choice group. In a simiiar fashion,issue factors would be derived
for dried and for canned vegetables, thus insuring that the three choice
groups provide a fuii ration of vegetables in the FCI,

As iilustrated in Figure i, one couid stop at thi; point and choose
the items to represent the NRL article choice group from a {isting of items
representing 75% by weight of the totai food quantity utilized. For
exampie, of the approximately S0 most used items representing 75% of total
food utilized, || are vegetabies and 7 are fresh vegetables. The total
utiiization of these 7 fresh vegetables amounts to 0.628 ibs/ration. By
dividing the utiiization quantity for each of these 7 vegetabies by this
total, one can determine a percentage iactor which can be associated with
the item, e.¢., fresh potatoes with a usage of 0.324 Ibs/ration comprises
51.6% of the totai utilization quantity for all 7 fresh vegetable items in
the top 75% of utilization. The product of this percentage factor (5i.6%)
and the issue factor for the NRL article choice group (24.5 oz/ration) yields
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NRL ARTICLE —
3. VEGETABLES

00D
UTILIZATION
E ARTICLE CNOICE BATA
arour —

FRCSi VEGETABLES

] J ]

TOTAL UTILIZATION | [CNOKCE GROUP ITEMS
100% ISSUE FACTOR TOTAL UTILIZATION| | TOTAL UTILIZATION | | OF CNOKE GROUP [mum N TOP mJ
CEm e OF ARTICLE — | | OF CHOXE GROUP "Eﬂtm;l!;t:' N OF UTILIZATION —
ESEIA VEGETABLES FRESH VEGETABLES | | oF yriizaTion-| | FAESH POTATOES
44 OZ/RATION 1.271 LB/RATION | | .708 LB/RATION 828 LB/RATION FRESN TOMATOES
: 051 LB/RATION
] ETC.
1
. PERCENTAGE OF '::E“l:é; f:::ﬂgf
ARTICLE UTILIZATION A SSCEIATED
; ASSOCIATED WITH WITN ITEM —
CNOKE Gnoup FRESH POTATOES |o—o
76841.271288.8% 324+ 828251.6%
: |

TEM ISSUE FACTOR
ISSUE FACTOR — —_—

0T
~&1 FRESH VEGETABLES - :1":‘;' i—“‘Jl_TUEt
¢ 4=24, . =
“:z}n:wuz“ 12.6 0Z/RATION
1 4
FCl

FIQURE 1. FLOW CHART FOR THE OEVELOPMENT OF A NAVY RATION LAW BAZEC FCI USING
ITEMS COMPRISING THE TOP 75% OF DOC FOOO UTWLIZATION.
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NRL ARTICLE
3 VEGETABLES

l

ARTICLE CHOICE
GROUP-—

FRESH VEGETABLES

I
100%
ISSUE FACTOR

44 OZ/RATION
J

UTILIZATION
DATA

|

|

|

]

TOTAL UTILIZATION
OF ARTICLE~-
VEGETABLES

1.271 LB/RATION

TOTAL UTRIZATION

FRESH VEGETABLES

OF CHOICE GROUP

TOTAL UTILIZATION
OF FOOO0 SUBGROUP
FRESH YELLOW
VEGETABLES

.706 LB/RATION

044 LB/RATION

ITEM WITH HIGHEST
UTILIZATION WITHW
THE SUBGROUP-—

CARROTS

PERCENTAGE OF

ARTICLE UTILIZATION

o ASSOCIATED WITH |e-d Lo resoCiATED WITH
FOO0 SUBGROUP

CHOICE GROUP
0445-.706=6.3%

706 +1.271= 55.6%

PERC

CHOICE GROUP
UTILIZATION

ENTAGE OF

CHOICE GROUP

ISSUE FACTOR

856 X 44=245
0Z/RATION

l

88
~>1 .063

FO00 SuBGRrOUP

0Z/RATION

UE FACTOR
X 245=15

ASSIE
T0

HIGHEST UTILIZATION
WITHM THE SUBGROUP
CARROTS —1.9

N ALLOWANCE
ITEM WITH

0Z/RATION

1

FCl

|

FIGURE 2. FLOW CHARY FOR THE OEVELOPMENT OF A NAVY RATION

LAW BASEO FCI USING FO00 SURGROUPS.
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the issue factor (i2.6 oz/ration) for the FCi Item, fresh potatoes. The
resuits of this procedure are shown In the FCi presented in Table 5, Using

a listing of items representing oniy the top 75§ of total utliiization impiles
the possibiiity that due to iow utiiization a particuiar articlie choice wiil
not be represented. Care shoulid be taken that at least one |tem representing
eac!: NRL articile is Incorporated into the FCi.

“he choices indicated for each NRL articie narrow the fieid of consideration
to an extent; nevertheless, they are stiii broad enough to encompass a number
of identifiablie groups of items. For examplie, the NRL articie 3 choice,
fresh vegetablies, has associated with it yeiiow, dark green, ieafy,and other
vegetabies. Given that It is considered important to insure representation
within the FCi of a series of subgroups associated with each NRL article
choice group, then a method simiiar to the one discussed above and || |ustrated
in Figure 2 woulid be used to determine how much of the choice grcup issue
factor to assign to each food group. That is, having dotermined the
issue factor for the choice group, one proceeds To aggregate items into
the various subgroups thal may be associzted with each NRL articie choice
group. The quotient of each individuai subgroup's utiiization per ration
(fresh, yeiiow vegetabies, 0.044 ibs/ration) divided by the total utiii-ation
per ration for ali items encompassed by the NRL choice group (fresh
vegetabies, 0.706 ibs/ration) yieids a percentage (6.3%) which when muitipiied
by the issue factor for the NRL articlie choice group fresh vegetabies - (24.5
oz/ration) yieids the issue factor (fresh, yeiiow vegetabies, 1.5 oz/ration)
for the food group. The choice of the representative subgroup item to be
incorporated into the FCi is the grouo item with the highest usage per
ration (carrots). Using subgroupings simiiar to those suggested in "Patterns
of Food Utiiization in DoD" TR- 75-65-0R/SA and shown in Tabie 6, this
procedure yieids the FCi shown in Tablie 7.

Tabie 8 presents a summary of the nutrient content of each of the FCi's
suggested to this point, 1t may be noted that each is more fha? ?dequafe as
far as meeting The Surgeon Generai's Daily Dietary Allowances. 3 in addition,
Tabie 8 provides a comparison of BDFA's as caicuiated from each FCi using June
1974 DPSC prices. Both the OASD suggested FCi and the NRL FCi using food
subgroups provide simiiar BDFA's., The task group FCi suggested in February
1972 cieariy represents a higher ievei of feeding; a ievel, however, wh}sh
has been i._tifled !n a report on the basic ievei of miiitary feeding. )

With respect to this ievei of feeding,it shouid be pointed out that one
advantage of the NRL based FCi using food subgroups is that it can be adjusted
to a desired ifevei of feeding by substituting a more expensive, higher preference
item for the group item with the highest usage. This process of substitution is
continued untii the PUFA provided by the FCi equais the desired levei of feeding.

(3 Department of the Army, Navy, and Air force "Medical Service -
NUTRiTIONAL STANDARDS" AR 4(-25/BUMEDINST 10i10.30/AFR 160-95, Augqust i972.

L Brandier, P., et al. "The Basic Levei of Feeding-A Comparison of

Military and Comparablie Civiiian Food Utiiization" USA Natick Laboratories
TR 75-43-0R/SA.
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TABLE &

NAVY RATION LAWTYPE FCI BASED ON ITEMS
COMPRISING TKE TOP 76% OF DOD FOOD
UTILIZATION (NRL #1)

Component

Bread, White, Fresh

Rolls, Bread, Fresh

Flour, Wheat, Bread

B;ef, Ground, Frozen

Chicken, Cut-up, Frozen

Beef, Patties, Frozen

Beef, Oven Roast, Boneless, Frozen
Beef, Pot Roast, Boneless, Frozen
Beef, Grill Steak, Boneless, Frozen
Pork, Spareribs, Frozen

Beef, Swiss Steak, Boneless, Frozen
Turkey, Raw, Boneless, Frozen
Frankfurters, Frozen

Beef, Diced, Frozen

Pork, Sausage, Frozen

Veal, Sliced, Boneless, Frozen
Pork,SHces,Boned,Frozen

Bacon, Sliced, Frozen

27

Unit
Pound
Pound
Pound
Pound
Pound
Pound
Found
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound

Pound

Quantity per
Hundred Rations

33.099
9.681
32.220
13.971
11.597
6.191
5.692
5.291
4.800
3.188
3.056
2.981
2.733
2.625
2.621
2574
2331

7.110
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TABLE B (Cont'd)

NAVY RATION LAW TYPE FCI BASED ON ITEMS
COMPRISING THE TOP 76% OF DOD FOOD
UTILIZATIOM (NRL #1)

Quantity per

Component Unit Hundred Rations
Ham, Cooked, Smoked, Boneless, Frozen Pound 2,676
Ham, Canned Pound 5.858

] Potatoes, White, Fresh Pound 78.814

. Tomatoes, Fresh Pound 12.415
Cabbage, Fresh Pound 11.6568
Lettuce, Fresh Pound 24.875
Onions Dry Pound 9.020

? Celery Pound 8.149
Carrots, Fresh Pound 8.057
Potatoes, White, Frozen Pound 36.100

; Tomatoes, Canned Pound 1£.438

1 Beans, White, Canned Pound 7.268
Potatoes, White, Instant Pound 4.306
Watermelon, Fresh Pound 9.284
Oranges, Fresh Pound 20,628
Apples, Fresh Found 19.812
Bananas, Fresh Pound 16.620
Grapefruit, “resh Pound 8915
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TABLE 6 (Cont'd)

NAVY RATION LAW TYPE FCI BASED ON ITEMS

COMPRISING THE TOP 76% OF DOD FOOD

UTILIZATION (NRL #1)

Component

Juice, Orange, Canned
Juice, Tomato, Canned
Ju'ice, Pineapple, Canned
Juice, Apple, Canned
Juice, Orange, Frozen
Coffee, Roasted

Milk, White, Fresh

Milk, Chocolate, Fresh
Butter

Spaghetti

Cheese, Cottage

Eggs, Shell

Shortening Compound
Salad Dressing

Sugar, Granulated

Sugar, Powdered
Condiments: Add 1.5% of the Subtotal

*Consistent with DOD Appropriation
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Unit
Pound
Pound
Pound
Pound
Pound
Pound
Pint
Pint
Pound
Pound
Pouna
Dozen
Pound
Pound
Pound

Pound

Quantity per
Hundred Rations

1.848
1.749
2.254
1.705
689
12.500
167.950*
31.950*
10.000
10.000
3.125
10.000
10.000
10.000
26.338

4912
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TABLE 6
SUBGROUPS USED IN DEVELOPING AN FC| BASED ON THE NRL
Beef, Frozen
Veal and Lamb, Frozen
Poik, Frozen
Poultry and Rabbit, Frozen
Fish, Frozen
Shelifish, Frozen
Sausages, Frozen
Smoked and Salted Meats and Cold Cuts
Cenned and Dehydrated Meats
Bread, Rolls and Crackers
Flour and Mixes
Dry and Dehydrated Vegetables
Dry Legumes, Nuts and Nut Butter
Tomatoes, Canned
Legumes, Canned
Yellow Vegetables and Potatoes, Canned
Leafy Vegetables, Dark-G reen Vegetables, Qther Vegetables, Canried
Potatoes, Fresh
Tomatoes, Fresh

Dark-Green Vegetables, Fresh

30




TABLE 6 (Cont'd) -
SUBGROUPS USED IN-DEVELOPING AN FC| BASED ON THE NRL
Yellow Vegetables, Fresh
Leafy Vegetables, Fresh
Other Vegetables, Fresh
Potatoes, Frozen.
Dark-Green Vegetables, Frozer;
Yel !ow Vegetables, Frozen
. Other Vegetables, Frozen
Legumes, Frozen
Dried, Canned and Preserved Fruit
Citrus Fruit, Fresh
Other Fruit, Fresh
Fruit, Frozen
Canned Juice
Frozen Juice :and Instant Juice
Coffee, Cocoa and Tea
Milk ‘
Butter
Pasta

Cereal
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; TABLE 8 (Cont'd)

t SUBGROUPS USED IN DEVELOPING AN FCI BASED ON THE NRL
Rice

Cheese

Eggs

Salad Qil and Dressings

Other Fats and Oils

Sugar

i !, T AT T
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TABLE 7
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NAVY RATION LAW TYPE FC| BASED ON FOOD SUBGROUPS

(NRL #2)

Component

Beef, Ground, Frozen

Beef, Grill Steak, Boneless, Frozen
Beef, Oven Roast, Boneless, Frozen
Veal, Slices, Boned, Frozen

Pork, Spareribs, Frozen

Pork, Ham, Boneless, Frozen
Chicken, Cut-up, Frozen

Cod, Portions, Frozen

Shrimp, Raw, Breaded, Frozen
Frankfurters, Frozen

Bacon, Sliced, Frozen

Boiogna, Frozen

Ham, Canned

Bread, White, Fresh

Flour, Wheat
Potatoes, White, Instant

Beans, White, Dry

Tomatoes, Canned

Beans, White, Canned
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Unit
Pound
Pound
Paund
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound

Pound

Hundred Rations

Quantity per

20.049
6.888
8.169
3.010
5.518
3.850

' 12.725
2.336
2.362
4.757
8.050
1.538
5.856

42.488

32.220
3.045
1.263
6.938

8.588
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TABLE 7 (Cont'd)

NAVY RATION LAW TYPE FCI BASED ON FOOD SUBGROUPS

Component

Corn, Whole Giain, Canned
Beews, Canned

Potatoes, White, Fresh
Tomatoes, Fresh

Peppers, Sweet, Fresh
Carrots, Fresh

Onions, Dry

Lettuce

Potatoes, White, Frozen
Broccoli, Frozen

Corn, Whole Grain, Frozen
Vegetables, Mixed, Frozen
Beans, Green, Frozen
Peaches, Canned

Apples, Fresh

Oranges, Fresh
Strawberries, Frozen

Juice, Pineapple, Canned

(NRL #2)
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Unit
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
Pound
~ound
Pound
Pound
Pound
Pound

Pound

Quantity per
Hundred Rations

4125
3.038
70.330
11.406
4,756
9.600
23.731
33.069
13.563
4.400
4.381
7.656
6.200
17.638
27.856
14.425
4,328

7.556
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TABLE 7 (Cont'd)
NAVY RATION LAW TYPE FCI BASED ON FOOD SUBGROUPS
(NRL #2)
Quantity per
Component Unit  Hundred Rations
Juice, Orange, Frozen Pound .689
Coffee, Roasted | Pound 12,500
Milk, White, Fresh Pint 200.000*
Butter Pound 10.000
f Spaghetti Pound 3.944
g Cereal, Prepared, Individual Pound 3.806
Rice Pound 2.250
: Cheese, Cottage Pound 3.125
; Eggs, Shell Dozen 10.000
Shortening Compound Pound 10.000
Salad Dressing Pound 10.000
3 Sugar, Granulated Pound 31.250

Condiments: Add 1.5% of Subtotal

*Consistent with DOD Appropriation
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TABLE 8

COST AND NUTRITION SUMMARY CF FCi'S BASED ON THE NRL

Curent  OCASD(I&L) NRL#1  NRL #2 Feb 72
FCI FCI (Top 75%) (Sub- FCI
groups)

BDFA(') $2.296%) $2.2/1 $2.225 $2.270 $2.359(%)
Energy (Cal) 4839 4848 5067 4914 4914
Protein (g) 160 160 166 162 154
Fat (g) 20438%)(")  204(38%)  218(39%  207(38%)  222(41%)
Calcium (mag) 1723 1721 1614 1646 1830
iron {mg) 26.8 . 266 25.6 26.4 235
Vit A (1U) 12002 11980 9281 11720 12054
Thiamine (mg) 2.7 2.7 2.5 26 2.4
Riboflavin (mg) 35 34 33 35 33
Niacin (mg) 338 339 35.2 344 314
Ascorbic Acid (mg)  202.1 200.6 223.7 210.1 260.6

(") Using “market” buiter
(*) $2.244 ysing CCC butter
) $2.415 using ‘‘choice’” meat prices

(*) indicates % of calories provided by fat in the FCi food items.
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Two further aiternatives can be proposed which are the result of repeating
the previous chain of caiculatlons using expendlture data (In $/ratlon) rather
than uti!ization data (in Ibs/ration). The rationale for such a set of indices
is simply the logic of using cost experlence to generate a cost-controi mechanism
such as a FCi. This proposai must be rejected for the foiiowing reason: when
one analiyzes expenditure data, |t wili be noted that an appreciabie percentage
of the items representing the greatest expenditures are items with high unit
costs but utiiized in moderate quantitles. If one had the freedom to adjust
the quantity to be included in the FCi of such high cost items to a ievel
proportionate to their actual utilization, there would be no problem. However,
the NRL prescribes the amounts to be utiiized, resuiting In food cost Indices
yieiding higher than reasonable BDFA's.

One fact must be ciarified at this point; that Is, the use of food
utiiizatic: data to distribute prescribed NRL issue quantities wlii not
necessariiy vieid a fCl which completely agrees with the pattern of food
utliization in DoD. This is due to the fact that the basic quantities
as speclfied by the NRL can only be adjusted in a2 minor fashion. Therefore,
for exampie, while DoD utiiization of eggs is 2.2 eggs per ration, the NRL
issue factor for eggs is |.2 eggs per ration; and no adjustment factor can
be imposed to exceed this amount so iong as there is conformance to the
NRL..

Of the two mcthods developed, the index based on the highest usage item
in each listed food suboroup seems more reasonabie than a FCi based on the
top 75% usage items. Among the desired characteristics of a FCi are that it
respresent a balanced nutritional formuiation and that it be representative cf
the €ull range of those items actualiy being used. The exclusive use of
+hose items comprising the top 75% of usage Ignores some of the essential
but lower use items. As has been noted, in order to insure that aii NRL
articles are represented in the top 75% FCi aiternative one may have to dip
below the top 75% of usage items for a representative index component. The
top 758 of DoD food utiiization encompasses 57 items. |f one must continualiy
dip down for addltional index components to represent low usage articies or
article choices, the FClI will soon become unwieldy. It must aiso be remembered
that one subset of ail possibie food subgroup choices is the subset that
yields the top 75% of usage items. That is, the food subgroup methodology
is flexible enough that it can be adjusted to yieid the top 75% FCI, whils
the reverse is not possibie. Finaiiy, the food subgroup methodoiogy permlts
the simpie adjustment to levei of feeding while the top 75% methodology
does not.

B. FCl's Based On DOD Food Utiiization Patterns - As has been mentioned,
a large scale detailed survey of DoD food usage by service has recentiy been
carried out and reported in "Patterns of food Utllization in the DoD" US Army
Natick Laboratories TR-75-65-OR/SA. One of the major objectives of this survey
Is fo provide a data base for the development of a FClI., The speclfic system
designed for the analysis of the data, in fact, incorpcvrates features that
enable the rapid generation of FCl's under different assumptions.

37
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in attempting to develop a FCi from military food utlilzation data (with-
out conforming to the NRL), the most reasonabie approach seems to be to divide
the entire data base of over 500 different items utiiized into generic group-
Ings and then choose one or more individuai items to represent each group.
The particuiar choice as to groupings Is not a unique one but rather is a
matter of judgement. The groupings chosen for the purposes of this report are
shown In Tabie 9. Having grouped the data, one chooses one or more representa-
tive items based on their impurtance to the daily ration. importance to the
daiiy ration can be measured in two ways, in terms of usage per ration or
expenditure per ration. Within either of these contexts one can aiso take
one of two approaches. The first approach is to consider ali groups of
equai importance and choose perhaps two representative items for each group.
The second approach is to order the data in descending order of magnitude to
determine the Y0 or so items responsibie for 75% of totai usage or expend!ture
per ratlon. (The use of the iatter method often results in some group being
represented by 4 or 5 items while another group may not be represented a* aii.)

Having assembied the iist of items to be inciuded In the FCI, the next
task is to determine the issue factors. The caicuiation of issue factors is
determined by the constraints one chooses to piace on the “Ci. Food utiiization
data provide essentiaiiy three pleces of information with respect to each food
group:

I. The totai usage in ib/ratlon,
2. The totai expenditure in cost/ratlon, and

3. The relative proportions of either usage or expenditure between
members of the food group.

If one seiects the first approach to item choice, i.e., two items for
each and every group, then one can get exact mathematicai solutions by imposing
any two of the above three as constraints. This results from the fact that in
this case there are two equations In two unknowns, a determined situation for
each food group. Three pairings of constraints are possiblie: (1) cost and
proportion, (2) usage and proportion, a~rd (3) usage and cost.

in the latter situation the exact soiution for a particular food group
may yieid mathematicaiiy correct and exact figures which have no physicai
slgnificance; that Is, negative issue factors for one of the FCi items
representing the food group may result. In these cases an approximate
soiutlon must be obtained by imposing a third, non-negativity constraint on
the issue factors. If It is desired to take cognizance of aii three constraints,
the sltuation becomes overdetermined (3 equations in 2 unknowns) and one can
either take an average of the exact solutions for the cost/proportion and
usage/proportion constrained sltuations, or utilize a ieast squares best fit
in the absence of an exact soiutlon. Appendix | provides derivation of the
mathematlical expressions for the factors for ail cases referred to above.
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TABLE 9
MAJOR GROUPS UTILIZED IN DEVELOPING URL TYPE FCI'S
Beef, Cuts, Frozen
Remainder of Beef
Veal, Lamb, and Rabbit
Pork, Diced and Sliced, Frozen
Remainder of Pork and Sausages and Cold Cuts
Poultry
Fish and Shellfish
Eggs
Butter
Milk and Milk Drinks
Cream and Ice Cream and Cheese
Tea, Coffee and Cocoa
Juices and Soft Drinks
Potatoes
Remainder of Vegetables, Fresh
Remainder of Vegetables, Frozen
Remainder of Vegetables, Canned
Legumes and Nuts and Remainder of Vegetables, Dehydrated
Bread, Rolls, and Biscuits and Other Baked Goods

Pasta and Cereals and Cereal Pastes and Rice and Barley
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TABLE 9 (Cont'd)
MAJOR GROUPS UTILIZED IN DEVELOPING URL TYPE FCI'S
Flour and Mixes
Fruits, Fresh and Frozen

Fruits, Canned and Dehydrated

Margarine

F Salad Oil and Dressings and Other Fats and Oils

Sugar and Syrup, Honey, and Moiasses

Jam and Jellies and Candy and Puddings and Pie Fillings, etc.

Miscellaneous Items and Condiments
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Appendix 2 provides exampies of each of these five methods of FCi
generation, as weil as an exampie of one adjusted to a particular ieve! of
feeding, which wiii be discussed iater. In addition, the BDFA's and nutrient
contents yieided by these FCl's are also detaiied. Each exampie contains the
same items for in each case the same methods (i.e., incorporating the two
most utiiized food items in the food group) were used to chose the ndex
items., As wili be noted in Appendix |, the expressions for the is.ue factors
in the weighted ieast squares case permits one to piace more or iess emphasis
on any particuiar defining relation. In this exampie the cost reiationship
was weighted 0.5, usage 0.3, and proportior at 0.2. The choice of weighting
factors (Wi) is one of the necessary judgments that has to be made to refiect
management emphasis on each of these three defining reiations. in this
particular case the greatest emphasis is placed on maintaining cost distribu~
tion between food groups and the least emphasis on maintaining the Item
proportions within each food group. All of these indexes are costed using
June 1974 DPSC prices. it may be noted that the three indexes that piaced
the greatest emphasis on cost (cost/proportion, cos*/usage, and weighted
least squares) provide simiiar BDFA's whiie the other two provide somewhat
iower BDFA's. It shouid be pointed out that in the case of the usage/cost
and weighted least squares FCi's, the strict mathematicai relations yieided
negative issue factors for som: items, and empiricai judgments was exercised
in choosing positive issue factors such that the BDFA level was maintained
at the total DoD expenditure ievel as determined in the aforementioned report
on DoD food utilization. Nutrient ievels for aii FCi's exceeded The Surgeon
General 's minimum requirements. in *he case of fat content these ieveis zre
a few percent higher than the suggested maximum.

I f one chooses to use the second approach to item choice, i.e., utiiizing
a list of items comprising the top 75% of totai expenditure, the neat
mathematical soiutions just described do not appiy. Nevertheiess, a FC! can
be derived as diagrammed in Figure 3, which depicts a solution constrained
by cost and proportion. The items comprising the top 75% of expenditure to
be incorporated into the FC| are categorized into the chosen food groups with
i to N items per group. One then adds up the expenditures per ration for
each FCi item in the group and divides this sum into the expanditure per
ration for each individuai FCi item. This wili assign a percent figure to
each FCi item in the group and, moreover, these percentages wiil totai 100%.
As these FCI items represent entire food groups, one multipiies the percent
associated with the FCI i+2m by the total expenditure per ration for the
food group. (In the event certain food groups are not represented in the index
by a specific item, their expenditures per ration are added to reiated groups
which are represented. This ensures that 100% of the cost of the ration
wiil be distributed). The resulting product represents an expenditure per ration
for the item normalized to represent its particuiar proportion of its food group.
If one dlvides this normalized e:penditure per ration by the cost/Ib. of the item,
the FClI item issue factors are obta!ned. The issue factors are such that the sum
of the products of the FCl| item issue factors and their cost/Ib. equals the totai
cost of an average ration at a given point in time, while still maintaining the
relative proportions between food groups and between items within food groups. In
this particuiar instance the | April 1974 DPSC price list, as revised by Change
Notices | & 2, dated i May .974 and | June 1974, respectively was used. The results
of this calculation are shown in Table 10. As this table indicates, the BDFA
provided by the index equals the level of expenditure ($2.28) for DoD utilization
per ration priced at June 1974 DPSC prices. Nutrient levels also exceed the minimum
standards set by The Surgeon General.
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TABLE 10

UNIFORM RATION LAW TYPE FCI BASED ON ITEMS COMPRISING THE TOP
75% OF DOD FOOD EXPENDITURE

Component

Beef, Grill Steak
Beaf, Oven Roast
Beef, Pot Roast

Beef, Swiss Steak
Beef, Minute Steak
Beef, Tenderloin
Beef, Corned

Beef, Corned, Canned
seef, Ground

Beef, Diced

Beef, Patties

Veal, Sliced, Boneless
Veal, Roast

Bacon, Sliced
Frankfurters

Ham, Cooked, Smoked, Boneless
Pork, Spareribs

Pork, Roast, Boned

Issue Factor
(Lbs/100
Rations)

4.356
5.164
4.801
2.774
.681
466
1.537
533
16.333
3.068
.542
2.667
.480
7.043
2913
2.954
3.398

2.046
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TABLE 10 (Cont'd)

UNIFORM RATION ..AW TYPE FCI BASED ON ITEMS COMPRISING THE TOP
76% OF DOD FOOD EXPENDITURE

{ Issue Factor
: (Lbs/100
: Component Rations)
; Pork, Ham, Boneless 2.372
Pork, Loin, Boneless 1.408
Pork, Slices, Boned 2.147
] Pork, Sausage 2,793
F‘ Ham, Canned 5.980
Chicken, Cut-up 11.351
E‘ Turkey, Raw, Boneless 2917
Turkey, RTC 1.404
Cod, Portions 1.760
1 Shrimn, Raw, Breaded 2,759
5‘ Shrimp, Peeled and Deveined .558
E Lobster .567
Eggs, Shell 22.820
Butter 6.766
Milk, White, Fresh 163.231
Milk, Chocclate 22.288
Milk, Nonfat, Dry 1.095
Ice Cream 2.312
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TABLE 10 (Cont'd)
UNIFORM RATION LAW TYPE FCI BASED ON ITEMS

COMPRISING THE TOP

75% OF DOD FOOD EXPENDITU

Component

Cheese, American

Cheese, Cheddar

Cheese, Cottage

Coffee, Roasted

Juice, Orange, Frozen

Potatoes, White, Fresh

Pocatoes, White, Frozen, French Fries

Potatoes, White, Instant

LR S

Potato Chips
Tomatoes, Fresh

Lettuce, Fresh

M i

Corn, Whole Grain, Frozen
Tomatoes, Canned

Beans, White, Canned
Bread, White, Fresh

Rolls, Bread, Fresh

Flour, Wheat

Issue Factor

(Lbs/100
Rations)

2312
.979
3.201
4.215
12.738
34.730
' 9.472
3.674
.730
10.057
20.146
8.625
21.844
18.201
31.290
9.156
1.766

36.155
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TABLE 10 (Cont'd)

UNIFORM RATION LAW TYPE FCI BASED ON ITEMS COMPRISING THE TOP
75% OF DOD FOOD EXPENDITURE

Component

Oranges

Apples

Margarine

Salad Oil

Salad Dressing
Shortening Compound
Shortening Compound, Fluid
Sugar Granulated
Syrup, Maple

Catsup, Tomato

Add 1.5% for Condiments

BDFA
Energy
Protein
Fat
Calcium

lron

Issue Factor
(Lbs/100
Rations)

30.866

29,798
1.627
1.930
3.431
721
1.754

20.899
4,135

14.511

$2.282
4818cal
1779
207g (38%)
1724mg

26.6mg
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TABLE 10 (Cont'd)

UNIFORM RATION LAW TYPE FCI BASED ON INTEMS COMPRISING THE TOP
75% OF DOD FOOD EXPENDITURE

Component

Vitamin A 76311V

Thiamine . 2.9mg

Riboflavin 3.5mg

Niacin 34.3mg
L Ascorbic Acid 240.5mg

e bl M aam R
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fnother alternative representing a usage and preportion constralned situation
can be derived by simply substituting usage data (In Ibs/ration) for cost or
expendlture data (in cost/ration) and utilizing the result.ng "normalized" usage
per ration as the issue factor for each FCl item. (In this case no further
division |s necessary to convert a cost per ration figure to a Ib/ration issue
factor)., This index is presented In Table |I. Again, the FCl provides more
than adequate levels of nutrition. The BDFA provided, however, is considerably
lower than the previous examples. This is due to the fact that the highest usage
items in most food groups are usually the less costly ones, and all adjustments
made maintain usage quantities and not costs.

The most appropriate methodology to be used in deriving a FCl to represent
the totality of DoD food utilization would be the method which considers the
greetest number of factors, that is, the weighted least squa:res method. Any of
the other methods which consider only two of the three factors (cost, usage,
proportion) ignore the other significant effect. The weighted least squares
method also offers two other associated advantages: (1) it permits greater
emphasis to be placed on a particular factor while still considering the other
factors as well, and (2) the solution minimizes the error in the necessarily
approximate solution to n equations in n-l unknowns,

All of the previous discussions have reference to the utilization of historical
data represerting the existing level of military feeding to develop a FC1. US Army
Natick Laboratories TR 75-43-0R/SA, "The Basic Level of Feeding: A Ccmparison of
Military and Comparable Civilian Food Utilization" raises the issue of setting
a level of military feeding in an objective fashion. Implementation of this
concept would require the development of a FCl to provide this new level of
mi litary feeding (which may be greater or less than the historical level).

This could be accomplished in a very simple fashion by resetting the food group
cost level, referred to in Appendix | of this report as Cg; to a new level, C,
reflecting the new level of military feeding. |f we call the current total cost
to feed Ty and the new level of feeding TL' then a new food group cost C could
be set as follows:

= T
CL CGX (TL/ C)

Substituting this new value C| for the C; value in the expressions derived in
Appendix | would yield an alternative FC? adjusted to the new level of feeding.

This approach is a simplified one because it assumes that the pattern of
expenditure between food groups will remain the same regardless of the amount
of money available. That is, with more money one buys proportionately more of
each group of food items. This is, of course, not always the case. It is well
known that additional funds are often expended in upgrading the quality of the
food rather than the amount; for examp'!e, using the additional funds to substi-
tute steak for hamburger. Despite this fact, given that the change in the level
of military feeding is nf the order of 10% or less, changes in the pattern of
expenditure with respecr to food groups would be minimal. Also, the cost level
for each group is being adjusted, not the usage level, This cost adjustment
would be the result of making a quallty change rather than a quantity change
within a food group. Therefore, the utilization of the aforementioned technique
would be essentially valid for the cost/usage constrained situation. That is,
since it is quite likely that the relative proportions of the items representing

the food group will be altered, imposing the proportion constraint would be
inappropriate and the cost/usage constralned FC| would be the most logical ore to use.
48
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TABLE 11

UNIFORM RATION LAW TYPE FCI BASED ON ITEMS COMPRISING THE
TOP 75% OF DOD FOOD UTILIZATION

Issue Factor
. (Lbs/100
Component Rations)
Bacon, Sliced 6.902
Beef, Grill Steak 5.145
Beef, Swiss Steak 3.275
f Beef, Oven Roast 6.100
E . Beef, Pot Roast 5.672
: Beef, Diced 2.359
Beef, Ground 12,558
i Beef, Patties 5.684
‘ Frankfurters 3.837
Ham, Canned 7.874
Ham, Cooked, Smoked, Boneless 3.889
;‘ Pork Slices, Boneless 2.104
Pork Sausage 3.680
Pork Spareribs 4476
Veal, Slices, Boneless 3.551
Chicken, Cut-up 16.675
49
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TABLE 11 (Cont'd)

UNIFORM RATION LAW TYPE FCI BASED ON ITEMS COMPRISING THE

Component

Turkey, Boneless, Raw

Butter

Cheese, Cottage
Eggs, Shell

Ice Cream

Milk, Chocolate
Milk

Apples, Fresh
Bananas, Fresh
Grapefruit, Fresh
Oranges, Fresh
Watermelons, Fresh
Cabbage, Fresh
Carrots, Fresh
Celery, Fresh
Lettuce, Fresh

Onions, Dry

Potatoes, White, Fresh

Tomatoes, Fresh

TOP 76% OF DOD FOOD UTILIZATION

Issue Factor

(Lbs/100
Rations)

4.286
6.766
8.561
22.024
5.848
30.426
169.152
11.834
10.049
5.326
12.261
5.546
7.608
5.306
5.363
16.382
5.936
33.610

8.177




TABLE 11 (Cont'd)

UNIFORM RATION LAW TYPE FCI BASED ON ITEMS COMPRISING THE

TOP 75% OF DOD FOOD UTILIZATION

Issue Factor

(Lbs/100
Component Rations)
Potatoes, White, Fried, Frozen 9.166
Juice, Orange, Frozen 2.7
Juice, Orange, Canned 2.860
Bread, Fresh, White 36.448
Rolls, Fresh 10.663
Shortening Compound 10.849
Beans, White, Canned 20.114
Juice, Apple, Canned 2.638
Juice, Pineapple, Canned 3.488
Juice, Tomato, Canned 2.707
Potatoes, White, Instant 3.5568
Tomatoes, Canned 15.940
Flour, Wheat 25,242
Sugar, Granulated 16.434
Sugar, Powdered 3.065
Cotfee, Roasted 4,414
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TABLE 11 (Cont'd)

UNIFORM RATION LAW TYPE FCI BASED ON ITEMS COMPRISING THE
TGOP 75% OF DOD FOOD UTILIZATION

Issue Factor
(Lbs/100
Component Rations)
Beverage Base 16.823
Catsup, Tomato 9.926
Salad Dressing 5.119
Syrup, Maple 5.885

Add 2% for Condiments

BDFA $2.092
Energy 4585c¢al
Prutein 169g
Fat 203g (42%)
Calcium 15669mg
Iron 24.5mg
Vitamin A 85%55/U
Thiamine 22mg
Riboflavin 3.3mg
Niacin 31.2mg
Ascorbic Acid 165.1mg
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As noted previously, Appendix 2 provides an exampie of such a FCI. Nutrient
leveis provided by this Index also exceed The Surgeon General's minimum require-
ments; however, fat content exceeds the recommended maximum allowance., If
comparisons are desired berween this FC! an¢ that recommended in February 1972,
care must be taken to use the issue factors for steak and oven roast indicated
In the footnote of the Appendix. The issue factors were calculated using
"cholce" quality meat proces as opposed to "good" quality meat prices. Only
under this condition do both these indexes provide equivalent BOFA's,

One point must be emphasized: these mathematical models are only tools to
be used in developing FCl's. Atmanysteps in their utilization, socund professional
judgement is required either to provide fundamental input, such as the groupings
of food items or to provide for an alternative solution such as in the event
that negative issue factors are indicated. 1In addition, if one chooses to use
a least squares model in which only approximate solutions to the constraint
equations are possible, then professional judgement would be necessary to
alter issue factors such that the total cost exactly equais a specific value cr
level.

C. Reference Menus Based FCl's. - As was pointed out previousiy, the
possibility of developing a mathematically optimized reference menu incorporating
the latest sclientific information on the preferences of enlisted personnel represents
an attractive basis for the development of a FC!. By incorporating nutritional
constraints, such a FCl couid not only provide a BDFA capable of meeting all
nutritional requirements but would additionally enable the menu planner to maximize
satisfaction of stated customer preferenzes within the desired level of feeding.
While the current state-of-the-art in mathematical programming is unable to solve
the problem of maximizing preference fora Selective menu withingivencost and
nutritional constraints, this scientific preference data can be used in an empirical
fashion by senior service menu planners in much the same fashion as other more
irtuitive sources of preference data to develop higher preference menus than
currently used.

In any case, once the menu has been developed it can be recapitulated
{i.e., all of the recipes converted into the requisite ingredients) to provide
data on the proposed food utilization per ration on an item~by-Item basis.

This data is indistinguishable in form from the data gathered by the DoD food
utilization survey which provided historical food utilization per ration on an
item=by-item basis. Therefore, all the mathematical methods developed and
discussed previously under "Food Utilization Patterns in DoD" can be applied in
this case to generate FCl's by merely substituting menu recap data for the DoD
food usage data.

One final alternative, referred to in the proceeding section of this report,
would be to take advantage of computer processing capabiiity to cost the entire
reference menu rather than just a repre.entative sample of items. The difference
in cost of this entire menu and that of the least squares adjusted index wiil not
be great since one of the constraints on the latter is that total group costs be
maintained. This equivalency of cost, however, is a strong function of the cost
relationships that maintain at the time the least squares FC! was developed.
Fluctutation in price relationships over time will naturally affect the ability
of the shorter index to track the entire menu. This condition is not unique to
this particular situation as the use of a sample to measure the whole always
involves a certain margin of error.
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SECTION V
CONCLUS IONS

1. The Intention of this study Is neither to examine the necessity of a ration law
nor to recommend a speclflc food cost index, but rather to explore and evaluate a
number of methods for food cost index development. Evaluations normally contain an
element of ranking since most evaluations are reiative rather than absolute, In
this sltuation clrcumstances exist which require that these evaluations be made within
the boundaries of certain constraints. That is, the Navy Ration Law is an existing
statute, and the ranking of NRL-based FCl's relative to other types of FCl's

would be unsuitable since thils report does not evaluate the NRL itself versus other
laws or regulations that could be used to deflne the ration entitiement., Any
evaluation, therefore, must proceed with the separate conslderation of the

relative merlts of FCl's that are constrained by the NRL and those that are not.

2. Within the context of the NRL, four FCi's are presented, two representing efforts
prior to the URCS program. As pointed out, the correlation between the current FC|
and actual DoD food utillzatlon is low. This index also falls to recognize such
accepted food service practices as the use of frozen fruits, vegetables, and juices,
or prepared cake mixes. The February 1972 FCI, currentiy siated for adoption In

FY 76, represents an advance over the aforementioned FCI in that it better reflects
utilization patterns and incorporates more of the current high use food process
types, such as frozen foods and cake mixes. In addition, this FCl (as modified

bv several recent changes) coincldenTIY costs out at a level deemed appropriate in

a study on the basic level of feeding. 3) However, one baslc assumption by the

task group responsible for 1ts development was that mllitary department differences
preclude uniform consumptlion patterns, and hence while food utllization patterns

are considered, they do not play a domlnant roie In the formulation of this fCl.

This agaln results In a FCl which does not accurately reflect actual consumption
figures. The two new FCI types suggested by this study depart from the aforementioned
premise and assume that the DoD food utillzation pattern can be constructed and

used as a basis for a FCI insuring that the resulting FCl relates to actual
consumption practices within NRL constraints,

The central probivm tc achleving full representation of the range of food
items belng used is that the NRL itseif Ignores certaln components of the actual
ratlon being served, (e.g., soft drinks, ice cream, anr margarine) and |imits
the quantities of other items (e.g., eggs) to levels that are unreprésentative
of current utilization. As a result, no NRL based FC! can truly reflect actual
teeding practices. However, of all of the four NRL-based FCI's, the food subgroup
FCi makes the greatest attempt to adhere to recent food usage experience. The
major factor that seems to argue In favor of the February 72 FClI iv that It
provides a BDOFA close to the desired level of feeding. However, the agreement
between the level of feedIing represented by this FC! and the desired basic level
of feeding Is a product ot chance rather than design, and the food subgroup
methodology also permits the adjustment to a desired level of feeding. Therefore,
it is concluded that an FC| development methodology based on use of the best
food utiilzation data available and following the food subgroup approach is
preferred among those FC!'s that conform to the NRL.

(5)Brandler, P., et al "The Baslc Level of FeedIng: A Comparison of Military
and Comparable Clvilian Food Utlilzation" US Army Natlck Laboratories TR 75-43-0R/SA,
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3. The choice of the most appropriate methodology for-the development of a
FCl is a function of the constraints.placed upon its formulatien. |If it is
assumed that a law with prescribed allowances for specific food componenfs
exists, as for example the current NRL or some updated version, then it is
concluded that the food subgroup methodology found to be mest logical for the
NRL would be most appropriate. Jf on the other hand the law does not specify
a specific set of. food allotments, then .the problem is one of developing a
methodology for formulating .an. appropriate FC| which is nenconstrained as to
prescribed food issues. The approaches suggested in the previous section on
DoD Food Utilization Pafferns and Reference Menus .all fall into this latter

category.

As has been noted, the methodologies for deriving FCl's from DoD food
utilization data or from.a reference menu recap are equivafent. That is, the
suggested mathematical models do not recognize any difference between a data
base derived from utilization data and one, derived from a reference menu.

Of the two data bases, utilization data or reference menus, the reference

meny approach seems to offer the greatest number of advantages.. A reference.
meny can directly incorporate the latest scientific information on the specific
preference of servicemen. |t can be scientifically optimized with respect to -
preference within any constraints deemed relevant, including cost and nutrifion.
In the event that a change in the level of feeding (in terms of $/ration) is
considered appropriate, an optimized menu can be formulated without any artificial
assumptions. This approach has intuitive as well as practical appeai in view of
the fact that a menu is a visible and ftangible basis for an index, being more so
than a |ist of foods that have |ittle discernible association with menus.
Utilization data on the other hand is historical in viewpoint rather than

forward looking and is at best an indirect indicator of consumer preferences.

In addition, historical usage data cannot help but reflect certain undesirable
influences that military food service has sometimes been subject to but is
constantly trying to improve: vagaries in supply, Inconsistent local menu
planning, wastage, low customer acceptance, and limited professional supervision.
A FCI derived from such a data base generally represenfs a continuation of the
status-que.

I+ is concluded that a reference menu represents the most attrative means -
of developing a FCt. However, there is no attendant requirement that any service
impose that menu on any base food service operator as a requirement. |1 would
merely be provided as a professionally prepared scientific guide or standard
capable of yielding the opfimum in custemer preference within the constrainis
of the.desired basic level of feeding and adequate nutrition. Since preference
data relates to menu items (i.e., recipes) and not o the raw foods, it is
necessary to make the conversion by recapitulating the reference menus into
their constituent raw foods. A FCI| based on such a recap thus is designed expressly
to meet "consumer requirements.” Given the option of a more scientific approach
such as the usage of a reference menu, the logical choice seems clear.

It must be remembered, however, that the intuitively attractive advantages
of preference data over utilization data for FCi development have never been
validated by actual experience. In addition, the mathematical algorithms necessary
to perform the desired optimization fer selective menus have not been fully deve |oped
as yet. Therefore, it must be concluded that the adoption of the preference approach
must await the completion of a program.to develop the necessary methodology and to
validate the advantages postulated.
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5. 1In either case (DoD utiitzation or reference menu) the most approprizte
methodoiogy to be used in deriving & FCi to represent the totaiity of either
DoD food utiiization or a reference menu would be the method which considers
the greatest number of factors, that Is, the weighted ieast squares: method.
Any of the other methods which consider only two of the three factors (cost,
usage, proportion) ignore the other significant effect. The exception to this
general conciusion, as has previously been pointed out, is the case of adjusting
DoD food urilization data for an increase in the levei of feeding In which the
proportion reiations would no longer be maintained and the usage/zost modei ls,
therefore, more vaiid. As is apparent, increasing the ievei of feeding In a
reference menu situation implies redesigning the menu to the higher level of
feeding and then rederiving the FCl with a least squares techriaue.

The use of manual techniques for BDFA calcuiations naturally iimits the
number of items that can reasonably be included in a FCI, However, modern
computer techniques permit the rapid costing of entire menus. In the event
of the future adoption of a reference menu as a standard of feeding, the costing
of the entire menu is naturally a more effective method of ensuring suffictent
funds for its provision thanany representative sample of items, no matter how
derived. However, the decision to adopt entire menu computer costing is a JRCS
system decision and goes beyond thc scope of this document.

T
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SECTION VI
Recommendations

i. Due to the requirements for professional judgement at numerous decision points
in the development of a FCl, it is recommended that a standing committee, comprised
of representatlives from each service, medical/nutritional advisors and food
utilization/preference advisors, be formed to periodicaily review the food cost
index, The objectlve of this coomittee should be to keep the FCi current with
consumer requirements, nutritional standards, and generally accepted U.,S. feeding
standards. Proposed amendments should be submitted to the committee from all
Interested sources, and the committee should meet at scheduled periods, probably

no less frequ_ntly than every year or two. The reviewing offices (for subsistence
policy and for funding) and the procedure for forwarding the committee's recommendations
wouid be specified. Further, the time aliowed for each reviewing office to act on
the recommendatlions should be stated In order to avoid unwarranted delays in

taking action on such recommendations. The instructions governing the FC| deveiop-
ment and revision should be recorded in DOD Directive 1338.10, This committee
could operate as a subcommittee or permanent task group within the Uniform Ration
Cost System Committee which is recommended in "Uniform Ration Cost System - Summary
Report," U.S. Army Natick Laboratories TR-75-69-OR/SA.

2. The preference menu basls for the FCI should be further developed and tested.

In view of the fact that a large number of menus can be developed unless the
boundary iimits are well defined, a frame of reference should be applied in terms

of a cost constraint (for a particular date) and nutritional standards. Initialiy
this type of menu should be deveioped "manuaiiy" by professional dieticians with
access to DoD food preference data. Progress has been made in developing
mathematical programming techniques so that computer-based analyses can provide
time-saving assistance to professionais undertaking this type of activity. For
example, the frequency of serving menu Items In a cyciic menu can be determined

on the basis of maxImizing preference subject to stated constraints. Research
should continue In the area of expanding this capacity to encompass selective

menus and food compatibilities. Research on the use of preference menu. as

opposed to thelr development should also be continued, including test at installations
to dstermine their general sultability both as to being a reference fur food sarvice
operations and as a basis for a FCI.

3. As concluded previously, the preference menu approach seems to represent the
most attractive alternative to formulating a FCi, However, the current statutory
requlrements cf the NRL as well as the specific reservations with respect to
reference menus mentioned previously require a Tlme-phasedapproach to its possible
implementation. As a result the followlng Is recommended:

a. Untii the NRL has been rescinded, impiement a FCi developed under the
direction of the DoD Food Pianning Board using the food subgroup methodology,
based on DoD food utl!ization data coilected in the URCS program.

b. In subsequently adogting a Uniform Ration Law (URL), place greatest

Initial emphasis on the use of food utllizatlon data and the ieast squares
technique in deveicning a FCI.,
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C. As soon as technically feasible, supplement the ut!|lzatlon data with
DoD food preference data and start to Incorporate the results of the recommended
preference menu research into the periodic reviews and revistons of the URL FC!,
again ustng the weighted least squares technique.

d. Foliowlng test and validation of the reference menu approach, adopt
it as a basis for developmeni of the rCi, using the weighted |least squares
technique.

8. As soon as shown to be practicable from the standpoinT of service
requirements, Institute entire reference menu costing, (rather than the shorter
FCI) as a basls for determining the monetary value of the basi~ dally food a!lowance.

t. Continue research into the usu of mathematical optimization techniques
for analytlical sclution of the BDFA subiect to selected nutritionai, preference
or cost constraints.
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APPENDIX |

Mathematical Dertvation of FCI Issue Factors
Under Different Constralnts

The solutions presented below are derived for .the case In which two items
are chosen to represent each food group. The methods, however, can be extended
to cover sltuations In which three or more representative |tems are desired.
Definltions: X, = The FCI Issue factor for item | In Ib./ratlon

Xy = The FCI Issue factor for item 2 in Ib./ratlon
Ay = The actral utilization of item | in Ib./ration
hp = The actual utlllzation of Item 2 In Ib./ratlon
C) = The unlt cost of Item | In $/1b.
Cy = The unit cost of I1tem 2 In $/Ib.

Lg = The total utllization in Ib./ratlon for the food group
of which Items | & 2 are members

(@]
"

g = The total expenditure In $/ration for the food group of
which items | & 2 are members

The three posslhle constralnts are:

I. Total usage: The sum of the two FCI Item Issue factors equals the total
utitization for the food group of which the 1tems are members.

X|+x = L

2 G

2. Total expendliture: ..¢ sum of the two extended FC! item values equals the
total expenditure for the food group of which the items are members.

3. Relative proportion: The ratlo of the amount speclfied In the FCI for Item
| to the amount speclfied for item 2 equals the ratio of thelr actual utlllzation.
A=A
X2 A2
which reduces to
(A) Solutlon to Usage/Proportion Constralned Problem:

X|+XZ=LG

-XZA=0

X) A |

2
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Solving by determinants:

lg | R R
0 =A| Ap O
x' ."—-' ’ x2 = e ———~
E I I I i
or
; X| = AL Aslg
Al + 2 s X2 = Al + AZ

(B) Solution to the Cost/Proportion Constrained Problem

X, Ay = Xy A = 0

Solving by determinants:

E
0 -Al Ay 0
X| = » X2 =
or

(C) Soiution to the Cost/Usage Constrained Probiem

X| C| + X2 C2 = CG

X + Xy = Lg
Solving by determinants:
Cs C, C, Co
g | I LG
x|= 0 x2= ,
¢ G C| C,
[ | | |
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or

X = Cg - C, L X

| 2 ' CiLg =€

6~ G

(D) Solution to the Cost/Usage/Proportion constrained problem using an average of
the Cost/Proportion and Usage/Proportion problem solutions.

For Usage/Proportion

X, = A L

| G

A|+A2

For Cost/Proportion

Ay C, +A,Cp

The average solution is cne haif the sum of the two.
X, = 1/2 Al Ls Ay C
+

At Al G+ Ay G

G

In both cases
A
Therefore substituting for X’:

G

2 | A +A, A€, + Ay C,

(E) Solution to the Cost/Usage/Proportion Problem Using a Weighted Least
Squares Technigue.

The three constraining equations are:

X+ X = L
X, C, +%,Cp=Cq
X, Az =Xz A =0

6l




Only approximate soiutions can be derlved tor thls group of equations. Theretore,
iet us define an error term for each equation:

X|+X2-LG=9L
X) Cp + X%, C, = C6= e

One wouid like Yo minimize the sum of the squares of these errors, but In such
a fashion that different welghting can be assigned to each error term so as to
permit a ranking with respect to importance. This can be accomplished by
defining a quality Q as foilows:

_ 2 N 2 2
Q = wL e wC eC + wP ep
¥ Substituting the expressions for the e's:
2 2
: Q = W (X; + X5 = Lg)e + W, (X C) +X,C,-Cg) +
] 2

| A necessary condition for a relative minimum is the vanishing of the partlai
b derivatives with respect to X, and X3. This exerclse yields a pair of norma!
equations which can be solved for X, and X2.

Taking Partlal Derivatives

A0 = 2W (X + Xy = L) +2C, Wg (X, C + X5 Cp = Cg) +2 A, Wo (X| A,Xp Ap) =0
2 —
¥ x,
YO = 20 (X + X3 - Lg) +2C, W (X C | +X,C2=Cq) -2 A Wp (X, Ay =Xy A)) =0
M x,
The Normai Equations are therefore:
2 2 W - =
X| (W T+ W+ AZWE) + X5 (g C) Cop+ ¥y = A A wp) =C W C) + W Lg
2 2 -
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The solutions to the latter palr'of equations are:

_lo a2y, . ‘ .
X, =(Hg €| Cg + WL Lg) (g C3 + Wy + Wo AD) « (G C| Cp + W = Wp A A2) (g C, Cg + W Lo
(e CZ 4 W+ W AZ) (W O 4 Wy + W AD) o (K € O 4 W = Wo A A2

C -l L h2t Mok LT Tp Mt T M e TR T TR Y T2

- - 2 ] . ! - -

X2 = (H, G+ w + Wy A%) (W C, Cq + Wy Lg) = (4 C, Cg + Wy L G) (g C) Co + Wy = Wy Ay Ay
; — P e s

(Hg G + WrWp AZ) (NG CF + W, + Wp AT) - (Mg C) Cp + W = W, Ay A2)

63



Cues
266°<1
6516
| 8E6°S
Buipead jo jona]

o4 passnipy
s0)/9besn

coL'gl

180" v £80* b
109°Z . £09°Z
T zey 9’ b
 avze0l Zv$* 0l
[ . 089"
" 8z
962°8
wqm.m .
L8g* g1
| vhm.m,
_g_w_hmm_;w_ 88" 1|
169°21 €56° 01
005" L 8576
099°9 699°9
+mou {z*) *doud
Jabesn  {¢'y ebesn
R
‘palyblom

L80" ¥
£L09°2Z
860° ¢
50" Z!
8zL
658°2Z
- ¥L6°8
9Z1°2
580°G|
90L°9
AT
Z90°0I
L8v°8
216°9

*doad/ 4500

- douq/ebesn

abedany

e v
€9L'2
L61*¢
65V Z1
lgt*

268°2
6568
Lrl*z
£20°G|
Lie
090°'9|
1L1°6
GEL L

€vo L

uoy Jrodoud

/4500

{SU0lieJ Q01/°SG() Jojde4 anss|
ejeQ uoi4ezy|i4n P @Jniipuadxl qog uo paseg s, {0

11 X10ON3ddY

AT MY
16¥*Z
6662
899" | |
GzL

978°Z
609°8
7012
Ly1°GI
G6Z'9
ARl
$G6° 0l
mmm.m
Z06'9

uoi faodouy

- jobesn

papes.g ‘mey .aaﬁan
po) »m:om+Lom.gmmm
ssa|oudg ‘mey ‘Asyun].
dn-jn7, .cmxu_po
uczoLw ‘reap

ssajeuog ‘sady|§ ._mmm
wn_LmLmaw N40d
wwc_@:omy.mwum_m.xLoa
pauue) Wey

seiiied jeeg

punoIg wmmm

1580y uaAaQ ‘joeg
xm«+m___hgm ‘ yo0g
pasi|§ ‘uodeg

tusuoduwo)

& UO1J8L] a7 uoyjerndwon




286°Z
L55°9¢
890°
199" L-
v08°8
966° 6
655" 62
162 L1
669791
Z92°691
g5czs
Z8L°8
681°4Z
11072
L£8%¢
619°)
ZL1 L
mcmnmwm.+o |8AaT

o4 pajsn[py
§s0)/abesp

¥Z0" L v¥9'9 mqm.f Sty R T4
210°0¢ i 089'11 66071 - 692°Z1 . 826°6 .
zesc IIER: 119y 909’y - seL'b
¥09° ¢ | 916°¢ 619°6 266’6 moﬁ.m.
169° L €908 - 6LE hmo.o*._ _oow.w_
SI1<* 9| 200°6E . 969°0% L86" b¥ sOv*9¢
Z61° 05 ¥€0°0¢ 96L° 2T 8¥1°0Z Shy* Gz
ccrrol wugs $s1°9i- G18°8] 169 I
161°9] 629°22 el oartet twltw
oﬂommw_ L9168 - L1 esl _mowmn_  Z516s|
wete ezvios 9Ly 0€ o metoe . szproc
cZv's czv's  cre cez'e 196°8
‘vz 2z .z ~m_mymw __ - ¢morwm
ove'z - ZvE'e B 6L v0Z'v - G6E°€
805" € o0se GrL 2 - L150°E. | €Srz
2t 1z | 125" ozsty st
99/°9 9919 99279 99£°9 . 99£'9
‘+moo_ | (z*y ‘douag .aomekmoo ~ uoljdodolgd  uojjuodoly
Jjebesn  (¢*) obesn *douagsebesn /4500 /9besn
_ (') 4509 abesany = o
*bg yses _
pajybiay .

{suocljed oQl/'sql) Jojoej Ianssy
efeQ uol4RZY |14N ¥ 4nplpuadx] Qog uo peseg s, 104

TP 4UOD) 11 XIQNAddY

. uazodg4 ‘paxiW ‘so|qeiabep

uazody .uw_Lm..mmo+m+0L
ud20.44 ‘seay

uazodd ‘u)edy ‘ejoym uJaon
| awm;m..mmmhmsvh
4S84 B41YM ‘S804e404

| cmem.quu:++mJ

yssd4. ‘sabuelg

.&m@um.rmo_aa<»
__.._x—«z 
Hm+miouo;o‘xi_zﬂ
RN/ - - N g B -To Y O

~ [194S “sB63

abejyon- ‘asesy )
cmuhLuE<.ommm{o
mcﬁummums
Jeying
Jusuodwc)

%~ U0 JajiJn uo}ieinduon

65




S N T T

€St 1€8°¢ 6€8°¢ 8ZZ" v 91y 162" ¥ pajseoy ‘s9440)

czi® €86° vLs® 24N 0zi* vZ1® e0s09 |
| 65591 L09° ¥i 0v9° i pr9° v 179" v 9v9°#| Paje|nueag ‘iebng M
: 09z°¢ 069° | ¥08" | v91°¢ €Iz ¢ Siig f440ybeds w
W €91°g 85¢°9 8rz°9 110°g 680°¢ €C6° v Paj1oquegd ‘ao)y m
w €6¢ 5l €66°91 I€z2° 8l Z9L° 12 z8l ¢z I¥$°0z +eaypm ‘unoj 4 “
m 888°6 6¥Z°8 ¥90° £ r4 AL 685°g 006" ¥ MO 18A XIW oxe) M
m §€9°¢ gc. g 00p° L S86° Y1 §GL°91 vizegi Pouuey ‘ssojewo} m
m Z39°6 19¢°6 19¢°6 19¢°6 §L9°01 Ly0°'8 Pouuep ‘a|ddesuty

©
9¢8°6 116°6 lig*e6 116°6 9¥8°01 9178 Pauue) ‘sasudcesy ©

_ orL 1| ziet | 60Z°C rARSNN| 69Z°' vl 9¢¢°8 Pouue) ‘eiddesuiy as;np
w 660°2ZI 1v6°6 Bee° 8 218z 124 % 08+°¢Z psuuej ‘ujeug sjoyn ‘uuoy
W 061°1i 9£9°CI vv9°Zi €0z 1| L£6°01 oLy i paLue) ‘efiym ‘sueag
w 208°01 899°01 €69° ¢ | 89v°01 9Zi°11 118°6 PunoGwo) Bujueyioys
W L89°9 vig® €0G'g 866°8 141 ) Iy8°8 yseJd4 “sjoy
W €eL Z¢ 8vG 8¢ 9.9°0¢ 96.°0¢ 162" I¢ 1ZZ°0¢ UseJd “a41ym peaug
w buipsey jo janeq 4809 (Z*) *douy *doud/4s09) Uo;juodoag uotsaodouy +usuoduc)
| o4 passn[py /ebesn (¢*) ebesn -doug/ebesn /4509 /ebesn € UO!J8414) uoyyeinduwo)
+s0)/9besn (G°) 4507 obedany
*bg yseeq &
Pasybioy

(SUoyi@t 001/°5Q1) 4042wy anss
€4+€Q uotiezy 14N 9 Saniipuedx3 gog uo peseg s, |y

[P 4u0]) |1 XiONIddY




*4S0D Bwes ayy p|9jA Of 4Sedy usAQ JO4 SQ| C°C| pue

“Sq) €'/ 9Q PINOM 3@34S ||149 JOj JOLOR} 8NSS| a8y ‘pasn usaq pey sediud 338q ,IDI0YD, 41,

L°0g rAR L1 0°0% 9°0¢ G Ig L°62 (Bw) uideIN
AR z°¢ Ak z'¢ £°¢ Ak (Bw) uiaejjoqiy
€z 124 4 .n.N vz €z (bw)y auywery)
€LL9 sLIL 8ZIL 081L v9ZL 660L (N1)Y ¥ “41A
A8 24 v°6Z 0°¥Z (74 L ve v € (6uy uou)
16L1 9491 £991 8¢91 £991 €191 (bw) wnid|e)
(g2v) 922 (21 v12 (3£v) 022 ($1v) LOZ ($1v) 212 (31%) Z0Z () 4ed
691 991 991 a1 691 ¥91 (6) urejouy
6505 068Y S99% o8y €206 185¥ (1€2) ABusu3
wEiv°Z$ 882°Z$ v8Z°Z$ 292°2% 682°Z$ 9¢2°2$ v408
(174 AXY £€82°S 0s2°s 14 CAKA 14 7 A4 4 74K 9|dey ‘dnuAg
L60°G ov6" v = ov6" v 0s2°S 0£9° v Buissaug pejes
Gyl ¥98° | 698" | vel°¢ v9¢° ¢ vv6°Z ?1ddy Ay jar
Lvl'y 629°¢€ 829°¢ 0gL°2 216°2 8vs°Z Aaasequeays’ wer
812'2Z¢ yv0° I 6Z°6 yro© 1€ L61°6€ 056°22 eseg obeuansg
Bujpeaj 40 |9Ad 150D (Z°) °douy *doad/450) uojjJodouy  uojjaodoud yusuodwo)
o4 pajsnfpy /obesn (¢°) abesn *douagsebesn /450D /abesn €U01484 147 uoljesnduc)
4sop/ebesn (6°) 4502 obeuany
*bg seon
vo+qmuwﬁ+cg 001/°SQl) J04DR4 ONSE)

eieq uol4ezi|14n  @anpipundx3 QoG uo peseg s, |04

(P, 4U0])

11 X10N3ddv

67

U TOw

SIS S

PP




-0zl

Buipeay jo |99
o4 paisnfpy
4809 /ebesn

L9l AR ]| 8°6Z! 0°s¢l
4$0) (z°) °*doud *douag/4s0) uo| jaododyg
/obesn (¢*) ®besn *douq/ebesp /4509
(6') 4S0) obeasay
*bg 4seeq
poiybiopm

(Suoyjeds 001/°sq1) Jojdey4 onssy

°4RQ UOJjeZ) | 14N T San}ipuadx3y QOQ UO peseg s, |94

(Pi4U0]) 11 XI1ON3ddV

w4

G*9ll

uo| jaodouy
/8besn

68

SJUBW PUOD JO4 ¥6°Z PPV

(Bwy prov o1quoosy




o aa |t il el

REFERENCES

|. 8randler, Chang, Deacon, Frey and Livingston, "The Basic Level of Feeding - A
Comgarison of Military and Comparable Civiliian Food Utilization," US Army Natick
Laboratories TR 75-43-0R/SA,

2, Brandler, P., Deacon, R. "Patterns o. rood Utilization in The DoD" US Army
Natick Laboratories TR 75-65-0R/SA.

2. Department of The Army, Navy, and Air Force, "Medica! Services - NUTRITIONAL

- e

STANDARDS," AR 40-25/BUMEDINST 10110.30/AR 160-95, August 1972,
4. Brandler, Chang, Deacon, Frey, and Livingston, Ibid.

5. Ibid.

69




B1BL |OGRAPHY

I. Brandler, P,, Deacon, R., "Patterns of Food Utilization in DoD, " US Army Natick
Laboratorles TR 75-65-0R/SA,

2. Richardson, R.P., "Analysis of Foreign Military ¢nd US Institutional Ration Cost
Systems," US Army Natick Laboratories TR 75-66-0R/SA.

3. Brandler, Chang, Deacon, Frey, and Livingston, "The Basic Level of Feeding = A
Comparison of Miiitary and Comparable Civilian Food Utilization" US Army Natick
Laboratories TR 75-43=0R/SA,

4. Department of the Army, Navy, and Air Force, "Medical Services = NUTRITIONAL
STANDARDS," AR 4U-25/BUMEDiINST 10110,3D/AFR 1£0-35, August, 1972,

5. Defense Supply Agency, "Composition of Foods Used By the Armed Forces," DSAH
1338.1, may, 1964,

6. Section 6082, Title 10, US Code "Navy Ra*ion: Composition"

7. Deputv Assistant Sacretary of Defernse (Suppiv, Maintenance & Services),
"Department of Deferse Food Service Program," DoD Directlve 1338,iG, i4 Janaury, 1972,

8. Rlchardson, R.P., et al. "Uniform Ratlon Cost System - Summary Report" US Army
Natick Laboratorles TR 73-69 -OR/SA.

70




